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USE OF RECOMBINANT COLONY
STIMULATING FACTOR 1

This application is a continuation of application Ser.
No. 08/017,963, filed Feb. 12, 1993, now abandoned,
which is a continuation of application Ser. No.
07/572,149, filed Aug. 23, 1990, now abandoned, which
is a continuation-in-part of U.S. patent application Ser.
No. 505,256, filed Apr. 5, 1990, now abandoned, which
is a continuation-in-part of U.S. patent application Ser.
No. 243,253, filed Sep. 14, 1988, now abandoned, which
is a continuation-in-part of U.S. patent application Ser.
No. 99,872, filed Sep. 22, 1987, which is a continuation-
in-part of U.S. patent application Ser. No. 876,819, filed
Jun. 20, 1986, now abandoned, (which was refiled as
U.S. patent application Ser. No. 157,094, filed Feb. 2,
1988 and issued as U.S. Pat. No. 4,847,201), which is a
continuation-in-part of U.S. patent application Ser. No.
821,068, filed Jan. 21, 1986, (now abandoned), which is
a continuation-in-part of U.S. patent application Ser.
No. 756,814, filed Jul. 18, 1985, (now abandoned),
which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 744,924, filed Jun. 14, 1985, (now aban-
doned), which is a continuation-in-part of U.S. patent
application Ser. No. 728,834, filed Apr. 30, 1985, (now
abandoned), which is a continuation-in-part of U.S. Ser.
No. 698,359, filed Feb. 5, 1985, (now abandoned). All of
these prior applications are hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to the various therapeu-
tic uses of recombinantly produced human colony stim-
ulating factor-1 (CSF-1).

BACKGROUND ART

The ability of certain factors produced in very low
concentration in a variety of tissues to stimulate the
growth and development of bone marrow progenitor
cells into macrophages and/or granulocytes has been
known for nearly 15 years. The presence of such factors
in sera, urine samples, and tissue extracts from a number
of species is demonstrable using an in vitro assay which
measures the stimulation of colony formation by bone
marrow cells plated in semi-solid culture medium.
There are no acceptable in vivo assays. Because these
factors induce the formation of such colonies, the fac-
tors collectively have been called Colony Stimulating
Factors (CSF).

More recently, it has been shown that there are at
least four subclasses of human CSF proteins which can
be defined according to the types of cells found in the
resultant colonies. One subclass, CSF-1, results in colo-
nies containing predominantly macrophages. Other
subclasses produce colonies which contain both neutro-
philic granulocytes and macrophages (GM-CSF);
which contain predominantly neutrophilic granulocytes
(G-CSF); and which contain neutrophilic and eosino-
philic granulocytes, macrophages, and other myeloid
cell types (basophils, erythrocytes, and megokaryo-
cytes) (IL-3).

GM-CSF is described by Gough, et al., Nature (1984)
309: 763-767. This protein is further described in WO
87/02060, published Apr. 9, 1987, as being useful to
treat cancer patients to regenerate leukocytes after tra-
ditional cancer treatment, and to reduce the likelihood
of viral, bacterial, fungal and parasitic infection in im-
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munocompromised individuals, such as those having
acquired immune deficiency syndrome (AIDS). Human
IL-3 has been cloned by Yank, Y. C., et al., Cell (1986)
47: 3.

There are murine factors analogous to the above
human CSFs, including a murine factor called IL-3
which induces colonies from murine bone marrow cells
which contain all these cell types plus megakaryocytes,
erythrocytes, and mast cells, in various combinations.
Murine IL-3 has been cloned by Fung, M. C, et al,
Nature (1984) 307: 233. See also Yokota, T, et al., Proc
Natl Acad Sci (USA) (1984) 81: 1070-1074; Wong, G.
G., et al., Science (1985) 228: 810-815; Lee, F., et al,,
Proc Natl Acad Sci(USA) (1985) 82: 4360-4364; and
Cantrell, M. A,, et al., Proc Natl Acad Sci (USA) (1985)
82: 6250-6254.) These CSFs and others have been re-
viewed by Dexter, T. M., Nature (1984) 309: 746, and
Vadas, M. A,, et al., J. Immunol. (1983) 130: 793, Clark,
S. C., Science (1987) 236: 1229, and Sachs, L., Science
(1987) 238: 1374.

The cloning and expression of G-CSF is described in
U.S. Pat. No. 4,810,643 and a method to purify G-CSF
from human oral cancer tissue is described in U.S. Pat.
No. 4,833,127.

The invention herein is concerned with the recombi-
nant production of proteins which are members of the
first of these subclasses, CSF-1. This subclass has been
further characterized and delineated by specific radio-
immunoassays and radioreceptor assays to suppress
specifically CSF-1 activity, without affecting the bio-
logical activities of the other subclasses, and macro-
phage cell line J774 contains receptors which bind
CSF-1 specifically. A description of these assays was
published by Das, S. K., et al., Blood (1981) 58: 630.

A significant difficulty in putting CSF proteins in
general, and CSF-1 in particular, to any useful function
has been their unavailability in distinct and characteriz-
able form in sufficient amounts to make their employ-
ment in therapeutic use practical or even possible. The
present invention remedies these deficiencies by provid-
ing purified human and murine CSF-1 in useful amounts
through recombinant techniques and discloses various
therapeutic uses thereof.

Treatment of patients suffering from AIDS with
CSF-1, alone or together with erythropoietin and/or an
antiviral agent and/or IL-2 is reported in W087/03204,
published Jun. 4, 1987. U.S. Pat. No. 4,482,485, issued
Nov. 13, 1984, states that CSF isolated from human
urine can be used for a supporting role in the treatment
of cancer. In addition, EP 118,915, published Sep. 19,
1984, reports production of CSF for preventing and
treating granulocytopenia and macrophagocytopenia in
patients receiving cancer therapy, for preventing infec-
tions, and for treating patients with implanted bone
marrow. -

In addition, CSF-1 is reported to stimulate nonspeci-
fic tumoricidal activity (Ralph et al., Immunobiol (1986)
172: 194-204). Ralph et al., Cell Immunol (1983) 76:
10-21 reported that CSF-1 has no immediate direct role
in activation of macrophages for tumoricidal and micro-
biocidal activities against fibrosarcoma 1023, lymphoma
18-8, and L. tropica amastigotes. Ralph et al., Cell
Immunol (1987) 105: 270-279 reports the delayed tu-
moricidal effect of CSF-1 alone and the added tumorici-
dal effect of a combination of CSF-1 and lymphokine on
murine sarcoma TUS targets. Copending, commonly
owned U.S. application Ser. No. 126,221, filed Feb. 19,
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1988, discloses the synergistic effect of CSF-1 and
G-CSF to stimulate the immune system.

In addition, Warren et al., J. of Immunol. (1986) 137:
2281-2285 discloses that CSF-1 stimulates monocyte
production of interferon, TNF and colony stimulating
activity. Lee et al., J. of Immunol. (1987) 138: 3019-3022
discloses CSF-1-induced resistance to viral infection in
murine macrophages.

SUMMARY OF THE INVENTION

In one aspect of the invention, therapeutic treatments
based on the ability of CSF-1 to induce resistance to a
number of infectious diseases in mammals, including
those caused by bacterial, viral or fungal agents, are
disclosed. Yet a further aspect concerns the ability of
CSF-1 to promote the repair of tissue damage for use in
wound healing. Lastly, the invention provides methods
of treating tumor cells in mammals by using an effective
amount of CSF-1 to treat tumor burden. In one aspect
of this indication, the invention relates to methods of
enhancing the stimulation of antibody-dependent tar-
geted cellular cytotoxicity using human effector cells,
such as, bone marrow derived cells, tissue macro-
phages, or peripheral blood mononuclear cells against
tumor cells, all of which are mediated by a bifunctional
antibody. In addition, the invention relates to pharma-
ceutical compositions comprising CSF-1 or a mixture
thereof with a cytokine, lymphokine, or with an excipi-
ent for use in the various aforementioned indications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a comparison of the activities of CSF-1
and other colony stimulating factors in enhancing the
ability of macrophages to kill tumor cells.

FIG. 2 shows the ability of the heteroconjugate anti-
body 113F1 F(ab');-3G8 F(ab’); at 1 pg/ml to mediate
lysis of cancer cells by adherent blood mononuclear
cells (AMC) in the presence and in the absence of CSF-
1

FIG. 3 shows the ability of the bispecific antibody
2B1 to mediate lysis by AMC preincubated with 14-100
ng/ml of CSF-1, as compared to antibody alone.

FIG. 4 shows the results of CSF-1 dose range studies
on AMC using 100 ng/ml of 2B1.

FIG. 5 shows a protective effect of CSF-1 against a
lethal dose of murine cytomegalovirus (mCMV).

FIG. 6 shows wound closure data in control and
CSF-1 treated mice.

MODES FOR CARRYING OUT THE -
INVENTION

A. Definitions

“Colony stimulating factor-1 (CSF-1 or M-CSF)”
refers to those proteins which exhibit the spectrum of
activity understood in the art for CSF-1, i.e., when
applied to the standard in vitro colony stimulating assay
of Metcalf, D., J. Cell Physiol. (1970) 76: 89, it is capable
of stimulating the formation of primarily macrophage
colonies. Native CSF-1 is a glycosylated dimer; dimer-
ization is reported to be mecessary for activity as the
monomer is not active in the Metcalf colony stimulating
assay (supra) or various other in vitro bioactivity assays
(Ralph, P. et al., Blood (1986) 68: 633; Stanley, E. R., et
al., J. Biol Chem (1977) 252: 4305). As used herein the
number of CSF-1 units corresponds to the number of
colonies in the mouse bone marrow colony assay in the
titratable range (described in Ralph et al., Blood, supra).
Contemplated within the scope of the invention and
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within the definition of CSF-1 are both the dimeric and
monomeric forms. The monomeric form may be con-
verted to the dimeric form by in vitro provision of
suitable refolding conditions as described in PCT WO
88/08003, published Oct. 20, 1988, and in U.S. Pat. No.
4,929,700, issued May 29, 1990, and the monomer is per
se useful as an antigen to produce anti-CSF-1 antibod-
ies.

There appears to be some species specificity: Human
CSF-1 is operative both on human and on murine bone
marrow cells; murine CSF-1 does not show activity
with human cells. Therefore, “human” CSF-1 should be
positive in the specific murine radioreceptor assay of
Das, 1981, supra, although there is not necessarily a
complete correlation. The biological activity of the
protein will generally also be inhibited by neutralizing
antiserum to human urinary CSF-1 (Das, 1981, supra).
However, in certain special circumstances (such as, for
example, where a particular antibody preparation may
recognize a CSF-1 epitope not essential for biological
function, and which epitope is not present in the partic-
ular CSF-1 mutein being tested) this criterion may not
be met.

Certain other properties of CSF-1 have been recog-
nized more recently, including the ability of this protein
to stimulate the secretion of series E prostaglandins,
interleukin-1, and interferon from mature macrophages
(Moore, R., et al., Science (1984) 223: 178). The mecha-
nism for these latter activities is not presently under-
stood, and for purposes of definition herein, the crite-
rion for fulfillment of the definition resides in the ability
to stimulate the formation of monocyte/macrophage
colonies using bone marrow cells from the appropriate
species as starting materials, and under most circum-
stances (see above), show inhibition of this activity by
neutralizing antiserum against purified human urinary
CSF-1, and, where appropriate for species type, exhibit
a positive response in the radioreceptor assay. (It is
known that the proliferative effect of CSF-1 is re-
stricted to cells of mononuclear phagocytic lineage
(Stanley, E. R., The Lymphokines (1981), Stewart, W.
E., I, et. al., ed., Humana Press, Clifton, N.J.), pp.
102-132) and that receptors for CSF-1 are found on
cells of this lineage (Byrne, P. V. et al., Cell Biol (1981)
91: 848), placental trophoblasts and some other cells).

“Effective amount” signifies an amount effective to
perform the function specified, such as to kill tumors or
reduce tumor burden or prevent or cure infectious dis-
eases.

“Therapeutic treatment” indicates treating a subject
after a disease is contracted, and includes prophylactic
therapy.

“Mammals” indicates any mammalian species, and
includes rabbits, mice, dogs, cats, primates and humans,
preferably humans.

“Immunosuppression” means prevention or diminu-
tion of the immune response due to infections, chemical
agents, burns, major trauma, or irradiation. Individuais
who are immunocompromised are also immunosup-
pressed.

“Expression system” refers to DNA sequences con-
taining a desired coding sequence and control sequences
in operable linkage, so that hosts transformed with these
sequences are capable of producing the encoded prote-
ins. In order to effect transformation, the expression
system may be included on a vector; however, the rele-
vant DNA may then also be integrated into the host
chromosome.
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As used herein “cell”, “cell line”, and “cell culture”
are used interchangeably and all such designations in-
clude progeny. Thus “transformants” or “transformed
cells” includes the primary subject cell and cultures
derived therefrom without regard for the number of
transfers. It is also understood that all progeny may not
be precisely identical in DNA content, due to deliberate
or inadvertent mutations. Mutant progeny which have
the same functionality as screened for in the originally
transformed cell are included. Where distinct designa-
tions are intended, it will be clear from the context.

All patents, patent applications, and publications
mentioned herein, both supra and infra, are hereby spe-
cifically incorporated by reference.

B. Embodiments of CSF-1

CSF-1 apparently occurs in numerous forms ail of
which are included in the embodiments of the present
invention. Human CSF-1 ¢cDNA clones coding for
CSF-1 pre-pro-polypeptides of three different lengths
(256 amino acids; 554 amino acids; and 438 amino acids)
have been isolated from cells expressing the single
CSF-1 gene (see commonly owned U.S. Pat. No.
4,847,201 issued Jul. 11, 1989 and U.S. Pat. No.
4,868,119, issued Sep. 19, 1989; Wong, G. G., et al.,
Science (1987) 235: 1504, Kawasaki, et al., Science (1985)
230: 291; Ladner et al., Embo J (1987) 6: 2693; Cerretti,
D. P. et al.,, Molecular Immunol (1988) 25: 761. The
CSF-1 proteins useful in the therapies disclosed herein
may also be processed by proteolysis including, for
example, in the long form, at the Lys residue at 238, the
Arg residue at 249, and the Arg residue at 411. It is
believed that CSF-1 may occur in nature in one or more
C-terminally deleted forms. In addition, CSF-1 proteins
lacking the first two or four amino acids have been
isolated in active form from the supernatant of the
human cell line AGR-ON (equivalent to CEM-ON;
ATCC No. CRL-8199; Takahashi, M., et al., Biochem
Biophys Res Comm (1988) 152: 1401 and U.S. Pat. No.
4,675,291 issued Jun. 23, 1987). CSF-1 protein compris-
ing monomers ending at amino acid 145 are reported to
have in vitro biological activity (European Patent (EP)
Publication No. 261,592 published Mar. 30, 1988). Some
biological activity is reported for a dimeric CSF-1 pro-
tein composed of monomers ending at amino acid 132
(EP 328,061 published Aug. 16, 1989). The monomeric
CSF-1 polypeptide (whether clipped at the C-terminus
or not) may also refold to form multimers, most fre-
quently dimers.

Native human urinary CSF-1 has been isolated as a
highly glycosylated dimer of 45-90 kD, depending on
the source, method of measurement and identity of the
reporter. The recombinantly produced unglycosylated
CSF-1reported by Wong, et al., (supra) appears to have
a monomeric molecular weight of approximately 21
kD. On the other hand, the molecular weight calculated
on the basis of the amino acid sequence deduced for the
“short™ 224 amino acid form of CSF (SCSF) by Kawa-
saki et al., (supra) (see also U.S. Pat. No. 4,847,201 (su-
pra) and commonly owned PCT Publication No.
WO86/04607 published Aug. 14, 1986) is on the order
of 26 kD, while that of the “long” 522 amino acid form
(LCSF) is calculated to be on the order of 55 kD
(Wong, et al, (supra); Ladner et al., (supra); commonly
owned EP 272,779, published Jun. 29, 1988; and U.S.
Pat. No. 4,868,119 corresponding to PCT Publication
" No. WO87/06954, published Nov. 19, 1987). When
deleted constructs of these genes are expressed in E. coli
(where glycosylation does not occur), they, of course,
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give rise to proteins of considerably lower molecular
weight.

Other forms of CSF-1 proteins useful in the present
invention include the polymer conjugated CSF-1 de-
scribed in commonly owned U.S. Pat. No. 4,847,325.
The transmembrane region deletion mutants disclosed
in EP 249,477 published Dec. 16, 1987 and the glycosy-
lation site deletion mutants disclosed in EP 272,779,
Supra, are also considered to be useful in the presently
disclosed therapies.

Methods for the production of these various forms of
CSF-1 from various sources are reported in U.S. Pat.
No. 4,879,227 issued Nov. 7, 1989; WO 86/04587 pub-
lished Aug. 14, 1986; WO 89/10407 published Nov. 2,
1989; WO 88/08003; Supra and EP 276,551 published
Aug. 3, 1988.

It is, of course, well known that bacterially produced
mature proteins which are immediately preceded by an
ATG start codon may or may not include the N-termi-
nal methionine, and it is shown in EP 272,779 (supra)
that deletion of residues 1 and 2 (both glutamic acid) or
residues 1-3 (Gh-Glu-Val) aids in this manner. Dele-
tions are noted by a V followed by the number of amino
acids deleted from the N-terminal sequence, or by the
number of amino acids remaining when residues are
deleted from the C-terminal sequence. Thus, the N-ter-
minal deletions referred to above having the first 2 and
the first 3 residues deleted are designated NV2 and
NV3, respectively. C-terminal truncations of CSF-1
resulting in proteins of 150, 158, 190 and 221 amino
acids in length for example are referred to as CV150,
CV158, CV190 and CV221, respectively. A 221 amino
acid CSF-1 molecule derived from LCSF having an
N-terminal deletion of 3 amino acids is denoted by
LCSF/NV3 CV221, for example. Amino acid substitu-
tions are designated by reference to the position of the
amino acid which is replaced. For example, substitution
of the cysteine residue at position 157 in FIG. 4 of Lad-
ner et al., (supra) by serine is referred to as CSF-1
Seris7.

In summary, in addition to the N-terminal and C-ter-
minal deletions and aggregations, individual amino acid
residues in the chain may be modified by oxidation,
reduction, deletion or other derivatization, and these
proteins may also be cleaved and/or polymerized to
obtain dimeric products that retain activity. Such alter-
ations which do not destroy activity do not remove the
protein sequence from the definition, and are specifi-
cally included as substantial equivalents. CSF-1 derived
from other species may fit the definition of a protein
having activity of “human CSF-1” by virtue of its dis-
play of the requisite pattern of activity as set forth
above with regard to human substrate.

As is the case for all proteins, the precise chemical
structure depends on a number of factors. As ionizable
amino and carboxyl groups are present in the molecule,
a particular protein may be obtained as an acidic or
basic salt, or in neutral form. All such preparations
which retain their activity when placed in suitable envi-
ronmental conditions are included in the definition.
Further, the primary amino acid sequence may be aug-
mented by derivatization using sugar moieties (glycosy-
lation) or by other supplementary molecules such as
lipids, phosphate, acetyl groups and the like, more com-
monly by conjugation with saccharides, polyethylene
glycols (PEGs), and polyoxyethylene glycols (POGs)
as shown in U.S. Pat. No. 4,847,325. Certain aspects of
such augmentation axe accomplished through post-tran-
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slational processing systems of the producing host;
other such modifications may be introduced in vitro. In
any event, such modifications are included in the defini-
tion so long as the activity of the dimeric protein, as
defined above, is not destroyed. It is expected, of
course, that such modifications may quantitatively or
qualitatively affect the activity, either by enhancing or
diminishing the activity of the protein in the various
assays.

Further, individual amino acid residues in the chain
may be modified by oxidation, reduction, or other deri-
vatization, and the protein may be cleaved to obtain
fragments which retain activity. Such alterations which
do not destroy activity do not remove the protein se-
quence from the definition.

Modifications to the primary structure itself by dele-
tion, addition, or alteration of the amino acids incorpo-
rated into the sequence during translation can be made
without destroying the activity of the protein. Such
substitutions or other alterations result in proteins hav-
ing an amino acid sequence which falls within the defi-
nition of proteins “having an amino acid sequence sub-
stantially equivalent to that of CSF-1.” Indeed, human-
and murine-derived CSF-1 proteins have nonidentical
but similar primary amino acid sequences which display
a high homology.

C. General Description

The CSF-1 proteins of the invention are capable both
of stimulating monocyte-precursor/macrophage cell
production from progenitor marrow celis, thus enhanc-
ing the effectiveness of the immune system, and of stim-
ulating such functions of these differentiated cells as the
secretion of lymphokines in the mature macrophages.

In one application, these proteins are useful as ad-
juncts to chemotherapy. It is well understood that che-
motherapeutic treatment results in suppression of the
immune system. Often, although successful in destroy-
ing the tumor cells against which they are directed,
chemotherapeutic treatments result in the death of the
subject due to this side effect of these toxic agents on
the bone marrow cells. Administration of CSF-1 to such
patients, because of the ability of CSF-1 to mediate and
enhance the growth and differentiation of bone mar-
row-derived precursors into macrophages and mono-
cytes and to stimulate the function of these mature cells,
results in a re-stimulation of the immune system to pre-
vent this side effect, and thus to prevent the propensity
of the patient to succumb to secondary infection.

CSF-1 may also be used to cure leukopenia, a disease
involving a deficiency in the total number of white
blood cells. Neutropenia reflects a deficiency affecting
principally the polymorphonuclear leukocytes (neutro-
phils, granulocytes) and may be due to various infec-
tions, certain drugs (e.g., cytotoxic drugs) or ionizing
radiations. Thus, in vivo administration of CSF-1 can be
used to induce stem cells to indirectly increase the pro-
duction of polymorphonuclear leukocytes, thereby in-
creasing the count of white blood cells.

Other patients who would be helped by such treat-
ment include those being treated for Jeukemia through
bone marrow transplants; they are often in an immunos-
uppressed state to prevent rejection. For these patients
also, the immunosuppression could be reversed by ad-
ministration of CSF-1.

In general, any subject suffering from immunosup-
pression whether due to chemotherapy, bone marrow
transplantation, or other, forms of immunosuppression
such as disease (e.g., acquired immune deficiency syn-
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8
drome) would benefit from the availability of CSF-1 for
pharmacological use.

Opponunistic infections can be contracted as a result
of immunosuppression. For example, AIDS related
opportunistic infections are described in Mills et al.,
1990, Scientific American 263: 51-57, which is hereby
incorporated by reference in its entirety. Mills et al.
show that common opportunistic infections are caused
by the following agents: Cytomegalovirus, Pneumocys-
tis carinii, Candida albicans, Varicella-Zoster virus, Ep-
stein-Barr virus, Toxoplasma gondii, Mycobacterium
avium, Cryptococcus neoformans, etc. The authors also
describe various agents that are used to treat these infec-
tions. It is contemplated that CSF-1 can be combined
with one or more of those agents to treat these and
other opportunistic infections.

Additionally, it is envisioned that CSF-1 is used to
treat Cryptococcal infections, such as cryptococcal
meningitis. Cryptococcal meningitis is the most com-
mon form of fungal meningitis in the United States and
the third most important agent of neurologic disease
after Human Immunodeficiency Virus (HIV) and Toxo-
plasma gondii in AIDS patients. Cryptococcosis will
develop at some point during their illness in 5 to 7% of
patients with AIDS in the U.S. while disseminated
cryptococcosis may develop in up to a third of African
AIDS patients.

The therapeutic treatment for these opportunistic
infections can be similar to that described below for
fungal diseases. For example, CSF-1 can be adminis-
tered at similar dose levels and on the same schedule.

In addition, subjects could be supplied enhanced
amounts of previously differentiated macrophages to
supplement those of the indigenous system, which mac-
rophages are produced by in vitro culture of bone mar-
row or from blood monocytes, or other suitable prepa-
rations followed by treatment with CSF-1. These prep-
arations include those of the patient’s own blood mono-
cytes or bone marrow derived cells, which can be so
cultured and returned for local or systemic therapy.

The ability of CSF-1 to stimulate production of lym-
phokines by macrophages and to enhance their ability
to kill target cells also makes CSF-1 directly useful in
treatment of neoplasms and infections. Moreover, treat-
ment of wounds with €SF-1 will promote tissue repair.

CSF-1 stimulates the production of interferons by
murine-derived macrophages (Fleit, H. B., et al., J. Cell
Physiol. (1981) 108: 347), and human, partially purified,
CSF-1 from MIAPaCa cells stimulates the poly(I):-
poly(C)-induced production of interferon and TNF
from human monocytes as illustrated in PCT publica-
tion WO86/04607, supra. In addition, CSF-1 stimulates
the production of myeloid CSF by human blood mono-
cytes.

Moreover, for the various uses described herein,
CSF-1 can be employed in conjunction with other effi-
cacious agents, including antibodies; lymphokines;
cytokines; or macrophage activating agents, such as,
e.g., IFN-alpha, IFN-beta, IFN-gamma, IL-2, TNF; or
muramy] dipeptide and analogs thereof to treat tumors.

Also illustrated below is a demonstration of the abil-
ity of CSF-1 (from murine L-cell-conditioned medium
and E. coli produced human recombinant CSF-1) to
stimulate normal C3H/HeN mouse peritoneal macro-
phages to kill murine sarcoma TUS targets. This activ-
ity is most effective when the CSF-1 is used as pretreat-
ment and during the effector phase. The ability of
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CSF-1 to do so is much greater than that exhibited by
other colony stimulating factors.

CSF-1 may also be employed to augment the lympho-
kine-induced antibody-dependent cellular cytotoxicity
(ADCC) or targeted ADCC by macrophages or natural
killer cells against tumor cells. This activity is particu-
larly effective when CSF-1 is used in combination with
IL-2, IFN-alpha, IFN-beta or IFN-gamma.

The ability of CSF-1 to enhance targeted ADCC
activity is believed to be dependent on the kind of the
antibody, the dose, of CSF-1, and the effector to target
ratio. Targeted cellular cytotoxicity is thought to rely
on cell surface receptors on cytotoxic cells, such as
monocytes, macrophages, natural killers, etc. It is
known that the expression of one of these cell surface
receptors, CD16, is enhanced by culturing these effec-
tor cells in CSF-1, with or without additional lympho-
kines, such as IL-2. If the cytotoxic cell is positioned up
against the target cell, cytotoxicity is enhanced. A bi-
functional antibody can promote this process by binding
to a target cell through one of its combining sites, and to
the lysis promoting receptor on the cytotoxic cell
through its second combining site, thereby joining the
two cell types and causing the cytotoxic cell to deliver
a kill signal. “Bifunctional antibodies” include those
produced by in vivo recombination of antibody chains
in trioma or hybrid hybridoma cell lines and those pro-
duced by in vitro chemical conjugation of two antibod-
ies or antibody fragments; the latter chemically linked
antibodies are referred to as heteroconjugates.

In the instant invention, such bifunctional antibodies
include either hybrid hybridoma derived bispecific or
heteroconjugated antibodies that target the CD16 anti-
gen known as the human Fc receptor III (FcRIII) on
leukocytes. 3G8, a murine hybridoma secreting an
IgG1 monoclonal antibody to human FcRIIL, is de-
scribed in Unkeless, J. B., et al., Ann Rev Imm (1988) 6:
251. The use of this antibody and monoclonal antibody
520C9 to develop a hybrid hybridoma derived bis-
pecific antibody 2Bl, is described in co-pending U.S.
Ser. No. 07/249,710, filed Sep. 27, 1988. The resulting
bispecific antibody exhibits binding to the CD16 Fc
receptor III positive cells, as well as to breast cancer
cells that display the positive proto-oncogene product
erbB-2. 3G8 has also been chemically cross-linked
(using chemical crosslinkers as described by, for exam-
ple, Karpovsky, et al., J. Exp Med (1984)160: 1686) with
113F1 antibody, a murine monoclonal antibody to 2
breast cancer associated antigen (U.S. Pat. No.
4,753,894), producing an antibody also having bifunc-
tional specificity.

The in vitro effective dose of CSF-1 in such a tar-
geted cytotoxic assay, is in the range of 10-200 ng/ml.
However, its in vivo dosage is dependent upon various
factors including the severity of the cancer, host im-
mune status, body weight, the ratio of effector to target
cells, many of which may only be determined on a
case-by-case basis. CSF-1 should be administered in a
dosage which does not cause a systemic toxic reaction
but elicits the potentiating response on the effector cells.

The in vitro effective dosages of the bifunctional
antibody are in the range of 1 ng/ml to 200 ng/ml. In
vivo dosage again depends on a number of factors,
including the clinical estimate of rumor size, the extent
of metastasis and the biodistribution of the active drugs
and of the cells that are activated. The effective in vitro
effector to target cell ratio is approximately 10:1 to 80:1.
The actual effector to target ratio in vivo depends on
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10
the accessibility of the tumors to the effector cells and
antibodies.

In addition, the ability of murine cells to attack infec-
tious organisms, including viruses such as those from
the Herpesvirus genera, for example, cytomegalovirus;
bacterial agents including those causing Gram-negative
sepsis, and fungi is enhanced by CSF-1. (Murine CSF-1
is inconsistently reported to stimulate murine macro-
phage to be cytostatic to P815 tumor cells (Wing, E. J,,
et al, J. Clin. Invest. (1982) 69: 270) or not to kill other
leukemia targets (Ralph, P, et al., Cell Immunol (1983)
76: 10). Nozawa, R. T., et al., Cell Immunol (1980) 53:
116, report that a CSF-1 preparation may stimulate
macrophage in vitro to ingest and kill Candida.)

Additionally, it has been discovered that CSF-1 is
effective in treating fungal infections in humans. These
fungal infections typically arise in immunosuppressed
patients (for example, patients that have bone marrow
transplants, AIDs, etc.), but can also occur in non-
immunosuppressed individuals. Fungi from the follow-
ing genuses that can be treated: Candida, Aspergillus,
Cryptococcus, Histoplasma, Blastomyces, Coccidioi-
des, Paracoccidioides, Mucor, Rhodotorula, Sporoth-
fix, Dermatophytosis, Pseudallescheria, Prototheca,
Rhinosporidium, or fungi that cause mycetoma or chro-
momycosis, etc. (see Principles and Practice of Infec-
tious Diseases, 3rd Edition, Mandell et al., Churchell
Livingtone [1990] pages 1942-2016).

Preferably, CSF-1 is parenterally administered until
the fungal infection is cleared as determined by negative
culture results. CSF-1 can be administered subcutane-
ously, by continuous infusion, by bolus injection, or by
constant infusion. By “continuous infusion” is meant at
least 24 hours of dosing and by “constant infusion” is
meant 24 hours or less of dosing. CSF-1 is preferably
administered by constant infusion lasting between 1 and
4 hours. The daily CSF-1 dose that is effective to treat
fungal infections is preferably between 0.01 to 50
mg/M2, more preferably between 0.05 to 10 mg/M2,
most preferably between 0.5 and 5 mg/M2. Preferably,
CSF-1 is administered for at least 14 days, more prefera-
bly for 21-59 days. Other dose schedules can also be
used if the above treatment causes unwanted effects
(however, minimal effects have been observed at doses
of up to 30 mg/M2/day by i.v. bolus) or if more effica-
cious results can be shown.

Preferably, CSF-1 is used to treat Candida and As-
pergillus infections as described above and specifically
as shown below. Cryptococcus infections such as cryp-
tococcal meningitis can be treated similarly.

Thus, in addition to overcoming immunosuppression
per se, CSF-1 can be used to destroy the invading or-
ganisms or malignant cells indirectly or directly by
stimulation of macrophage secretions and activity. This
latter activity may be enhanced by CSF-1 therapy in
combination with an antimicrobial agent such as for
example, one or more antiviral, antifungal or antibacte-
rial agents.

Examples of antifungal agents include: Amphotericin
B, Fluconazole (Diflucan), 5 fluro-cytosine (Flucyto-
sine, 5-FC), Ketoconazole, Miconazole, Intraconazole,
etc. (see also Mandell et al. above at pages 361-370 or
Mills et al. at pages 54-55). As an example of the clinical
spectrum of one of the above antifungal agents, Ampho-
tericin typically inhibits the following fungi and proto-
zoa: Aspergillus fumigatus, Paracoccidioides brasiliensis,
Coccidioides immitis, Cryptococcus neoformans, Histo-
plasma capsulamm, Mucor muterio, Rhodotorula spp.,
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Sporothrix shenckii, Blastomvces dermatifidis, Candida
spp., Leishmania spp., Naegleria spp., and Acantha-
moeba spp. The antifungal agents can be administered
before, during, or after the CSF-1 is given. Doses of
these agents are known to those of ordinary skill in the
art and include daily dose ranges such as 0.4 to 0.6
mg/kg/day for Amphotericin B, 200 mg/day to 400
mg/day for Fluconazole, about 150 mg/kg/day for
5-Fluro-cytosine, and 200 mg/day to 400 mg/day for
Ketoconazole. These ranges are merely exemplary and
are not to be construed as limiting in any way. Also, it
is contemplated that CSF-1 can be combined with other
agents that are, or will be, effective at treating fungal
infections. The antifungal agents can be conjugated to
polymers to adjust their in vivo half-life and toxicity,
see U.S. Ser. No. 365,914, which is hereby incorporated
by reference in its entirety.

As stated above CSF-1 can be combined with other
antimicrobial agents, such as antibacterials. Examples of
antibiotics that can be combined with CSF-1 include
those selected from the following categories: 8-lactam
rings (penicillins), amino sugars in glycosidic linkage
(aminoglycosides), macrocyclic lactone rings (macro-
tides), polycyclic derivatives of napthacenecarboxa-
mide (tetracyclines), nitrobenzene derivatives of dichlo-
roacetic acid, peptides (bacitracin, gramicidin, and
polymyxin), large rings with a conjugated double bond
system (polyenes), sulfa drugs derived from sulfanila-
mide (sulfonamides), 5-nitro-2-furanyl groups (nitrofu-
rans), quinolone carboxylic acids (i.e., nalidixic acid),
and many others. The groups of antibiotics mentioned
above are examples of preferred antibiotics, examples of
antibiotics within those groups are: peptide antibiotics,
such as amphomycin, bacitracin, bleomycin, cactino-
mycin, capreomycins, colistin, dactinomycin, enduraci-
din, gramicidin A, gramicidin J(S), mikamycins, poly-
myxins, stendomycin, thiopeptin, thiostrepton, tyroci-
dines, viomycin, virginiamycins, and actinomycin (see
Encyclopedia of Chemical Technology, 3rd edition,
Kirk-Othmer-Editors, Volume 2, at page 991 (1978)
which is hereby incorporated by reference in its entirety
); aminoglycosides, such as streptomycin, neomycin,
paromomycin, gentamycin, ribostamycin, tobramycin,
amikacin, and lividomycin (see Kirk-Othmer, Volume 2
at pages 8-19); B-lactams, such as benzylpenicillin,
methicillin, oxacillin, hetacillin, piperacillin, amoxicil-
lin, and carbenicillin (see Kirk-Othmer, Volume 2 at
page 871); chloramphenicol (see Kirk-Othmer, Volume
2 at page 920); lincosaminides, such as clindamycin,
lincomycin celesticetin, desalicetin (see Kirk-Othmer,
Volume 2 at page 930); macrolides, such as erythromy-
cin A-E, lankamycin, leucomycins, and picromycin (see
Kirk-Othmer, Volume 2 at page 937); nucleosides, such
as 5-azacytidine, amicetin, puromycin, and septacidin
(see Kirk-Othmer, Volume 2 at page 962); oligosaccha-
rides, such as curamycin, and everninomicin B (see
Kirk-Othmer, Volume 2 at page 986); phenazines, such
as, myxin, lomofungin, iodinin, etc. (see Kirk-Othmer,
Volume 3 at page 1); polyenes, such as amphotericins,
candicidin, nystatin, etc. (see Kirk-Othmer, Volume 3 at
page 21); polyethers (see Kirk-Othmer, Volume 3 at
page 47); tetracyclines, such as chlortracycline, oxytet-
racycline, demeclocycline, methacycline, doxycycline,
and minocycline (see Kirk-Othmer, Volume 3 at page
65); sulfonamides, such as sulfathiazole, sulfadiazine,
sulfapyrazine, and sulfanilamide (see Kirk-Othmer, vol-
ume 2, page 795); nitrofurans, such as nitrofurazone,
furazolidone, nitrofurantoin, furium, nitrovin, and nifur-
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oxime (;see Kirk-Othmer, volume 2, page 790); quino-
lone carboxylic acids, such as nalidixic acid, piromidic
acid, pipemidic acid, and oxolinic acid (see Kirk-
Othmer, volume 2, page 782).

CSF-1 can also be combined with antiviral agents,
such as amantadine, rimantadine arildone, ribavirin,
acyclovir,  9-[(1,3-dihydroxy-2-propoxy)methyl}gua-
nine (DHPG), vidarabine (ARA-A), ganciclovir, en-
viroxime, foscarnet, interferons (alpha-, beta- and gam-
ma-), ampligen, podophyllotoxin, 2,3-didioxycytodine
(DDC), iododeoxyuridine (IDU), trifluorothymidine
(TFT), dideoxyinosine (ddI), dideoxycytodine (ddC),
zidovudine and specific antiviral immune globulins (see
Sanford, J. P. Guide to Antimicrobial Therapy, West
Bethesda:Antimicrobial Therapy, Inc., 1989, pp.88-93;
and Harrison’s Principles of Internal Medicine, 11th Edi-
tion, Braunwald, E. et at. Eds. New York:McGraw-Hill
Book Co., 1987, pp 668-672).

Finally, the CSF-1 may be used to promote the repair
of tissues for wound healing when applied either locally
or systemically. CSF-1 may recruit macrophages
(Wang, J. M., et al., J. Immunol (1988) 141: 575), as well
as induce them to provide connective tissue growth
factors such as platelet-derived growth factor (PDGF),
and active factors including tumor necrosis factor
(TNF), as the stimulus for cell proliferation. Wound
macrophages are reported to release substances that
stimulate fibroplasia, collagen synthesis, and angiogene-
sis in vivo (Hunt T. K., et al, Surgery (1984) 96: 48).

The CSF-1 of the invention may be formulated in
conventional ways standard in the art for the adminis-
tration of protein substances. Administration by injec-
tion is one preferred route; and such formulations in-
clude solutions or suspensions, emulsions, or solid com-
position for reconstitution into injectables or gel formu-
lations. Suitable excipients include, for example, Ring-
er’s solution, Hank’s solution, water, saline, glycerol,
dextrose or mannitol solutions, and the like. While lig-
uid solutions of CSF-1 may be used directly on or under
wound dressings, reconstituted compositions are useful
for salves, gel formulations, foams and the like for
wound healing. Reconstituted gel formulations provide
a controlled delivery system for CSF-1 at a wound site.
Controlled release refers to drug release sufficient to
maintain a therapeutic level over an extended period of
time, such as up to 24 hours or more, preferably in the
range of 24-72 hours. Increased contact time of growth
factors may be necessary to achieve a significant in-
crease in the rate of wound healing.

In addition, the CSF-1 of the invention may be prein-
cubated with preparations of cells in order to stimulate
appropriate responses, and either the entire preparation
or the supernatant therefrom introduced into the sub-
ject. As shown hereinbelow, the materials produced in
response to CSF-1 stimulation by various types of blood
cells are effective against desired targets, and the prop-
erties of these blood cells themselves to attack invading
organisms or neoplasms may be enhanced. The subject’s
own cells may be withdrawn and used in this way, or,
for example, monocytes or lymphocytes from another
compatible individual employed in the incubation.

As discussed previously and particularly with regard
to the subject matter disclosed in U.S. Pat. No.
4,847,201 (supra), the complete coding sequences for a
number of human CSF-1 proteins are now available,
and expression vectors applicable to a variety of host
systems have been constructed and the coding sequence
expressed. In addition to those expression systems pro-
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vided in U.S. Pat. No. 4,847,201, expression systems
employing insect cells utilizing the control systems
provided by baculovirus vectors have been described
Miller, D. W, et al., in Genetic Engineering (1986)
Setlow, J. K., et al., eds., Plenum Publishing, Vol. 8, pp. 5
277-279, U.S. Pat. No. 4,745,051, issued May 17, 1988,
and U.S. Ser. No. 077,188, filed Jul. 24, 1987. Insect
cell-based expression can be in Spodoptera frugiperda.
These systems are also successful in producing CSF-1.
Mammalian expression has been accomplished in COS-
7, CHO, mouse, and CV-1 cells, and also can be accom-
plished in COS-A2, hamster, and murine cells.

The variety of hosts available, along with expression
vectors suitable for such hosts, permits a choice among
post-transiational processing systems, and of environ-
mental factors providing conformational regulation of
the protein thus produced. Thus, the availability of this
information provides CSF-1 proteins in sufficient quan-
tity for application in the various therapies discussed
herein.

Among the vectors. disclosed in the aforementioned
patent publications, the plasmids pLCSF221A (which
contains the gene encoding aspssLCSF/NV3CV221)
and pcCSF-17 (which contains the gene encoding
SCSF) are preferred for procaryotic and eukaryotic
expression, respectively, of human CSF-1. The plasmid
pCSF221A (hereinafter E. coli (221)) transformed into
E. coli strain DG 116, was deposited with the ATCC on
Apr. 14, 1987 under the Accession No. 67390. The
plasmid pcCSF-17 in E. coli MM294 was deposited with
the ATCC on Jun. 14, 1985 under the Accession No.
53149.

Also preferred are CSF-1 proteins which comprise
the amine acid sequences containing the first 3-150 or
4-150 amine acids of SCSF and LCSF and the C-termi- 35
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tant by calcium phosphate gel filtration and lentil lectin
chromatography. For assay of lymphokine production,
peripheral blood-adherent cells were incubated in dupli-
cate flasks containing 107 cells each. One flask was
treated with 1000 U/ml CSF-1 purified as above. After
3 days, the cells were harvested, and washed, and resus-
pended at a cell concentration of 5X 105/ ml and plated
in 24-well plates at 0.5 ml/well. The wells were treated
with 10 pg/ml lipopolysaccharide (LPS) and 20 ng/ml
PMA for 48 hr and the supernatants were harvested for
TNEF assay. Cells treated with CSF showed TNF secre-
tions approximately 9-fold higher than the untreated
cells (1500 U/ml, compared to 162 U/ml).
Stimulation of Interferon Production by Human Mono-
cytes

In an analogous experiment to determine the effect of
CSF-1 on interferon production, peripheral blood-
adherent cells were incubated for 3 days in the presence
and absence of 1000 U/ml CSF-1, as described above,
harvested, resuspended at 5X 105/ ml, and plated in a
24-well plate, as described above. The cells were in-
duced for interferon production by addition of varying
amounts of poly(I):poly(C). The supernatants were
assayed for interferon production by their cytopathic
effect on VSV-infected GM 2504 cells. The CSF-1-
stimulated cells showed production of 100 U/ml when
induced with 50 pg/ml poly(I):poly(C), whereas com-
parably induced untreated cells produced less than 3
U/ml.
Stimulation of Myeloid CSF Production by Human
Monocytes

Monocytes were incubated +CSF-1 for 3 days and
then induced for production of myeloid CSF as in Table
1. The three representative experiments shown used
blood from different donors.

TABLE 1
Myeloid CSF (U/ml)
Exp. 1 Exp. 2 Exp. 3
Induction +CSF +CSF —~CSF +CSF - —CSF +CSF
medium 0 0 0 0 0 0
0.1 pug/ml - - 0 0 -0 80 = 17
LPS
1 pg/ml LPS 0 700 =72  40£20 20020 103x12 377 & 57
0.1 pug/ml LPS + — — 617 =50 993 & 101 1120 & 82 1280 = 60
2 ng/ml PMA
1 pug/ml LPS + 283 =42 983 252 360 = 92 1400 & 180 537 += 47- 1080 + 122
2 ng/ml PMA
2 ng/ml PMA - 37017 2976 18315 38052 71676
nal deletions, such as LCSF/V221.
D. Activity of CSF-1 50

The activity of CSF-1 was determined in the follow-
ing examples using partially purified MIAPaCa CSF-1,
murine L cell CSF-1, CV-1-produced recombinant ma-
terial or E. coil-produced human CSF-1. CSF-1 was
shown to enhance the production of interferon (IFN)
and tumor necrosis factor (TNF) by induced human
monocytes by up to 10 to 30-fold. CSF-1 also was dem-
onstrated to stimulate macrophage antitumor toxicity in
vitro, to inhibit tumor growth in vivo, to protect mice
from lethal bacterial infection, to promote the repair of 60
tissue damage in vivo, to inhibit the growth of cytomeg-
alovirus in vivo, and to inhibit the growth of yeast in
vivo. The following examples are illustrative, not limit-
ing, of the therapeutic uses claimed herein.

EXAMPLES

Stimulation of TNF Production by Human Mono-
cytes MIAPaCa CSF-1 was purified from the superna-

55

65

Therefore, CSF-1 stimulates myeloid CSF or colony
stimulating activity production.
Stimulation of Tumor Cell Killing by Murine Macro-
phages; Comparison to other Colony Stimulating Fac-
tors

To assay macrophage stimulation, murine CSF-1
obtained from L-cell-conditioned medium, was used as
a model for the recombinantly produced CSF-1 from
pcCSF-17 in an assay which showed stimulation of the
ability of murine macrophages to kill sarcoma targets.
In this assay, 2 hr adherent C3H/HeN mouse peritoneal
macrophages were incubated for 1 day in vitro with and
without CSF-1 and then mixed at a 20:1 ratio with 3H-
thymidine-labeled mouse sarcoma TUS3 cells along with
10% (v/v) ConA-induced (10 pg/ml) spleen lympho-
kine (1K), which contains gamma interferon. The LK
preparation can be replaced by purified gamma inter-
feron in this assay. The release of labeled thymidine
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over the following 48 hours was used as a measure of
tumor cell killing. The effect of adding CSF-1 as murine
L-cell-conditioned medium containing 1200 U/ml
CSF-1 is shown in Table 2.
Purified murine CSF-1 and rhCSF-1 from CV-1 and 5
E. coli (221) have also been effective in this assay.

TABLE 2
Increase Due
Treatment Kill to CSF-1 10
DAY 1 DAY 13 % %
— _ 13 —
—_ LK 39 —
—_ CSF-1 + LK 49 26
CSF-1 LK 51 31
CSF-1 CSF-1 + LK 60 54 15
— — 3 —
- LK 35 —
_ CSF-1 + LK 47 34
CSF-1 — 7 —
CSF-1 LK 49 40
CSF-1 CSF-1 + LK 69 97 20

Increase in the ability to kill the target cells was noted
whether CSF-1 was added during the preliminary 1 day
of growth or during the period of induction; however,
the most dramatic effects were observed when CSF-1 25
was present during both of these periods.

The possibility of contaminating bacterial LPS as the
cause of stimulation of momnocytes and macrophages
was excluded: The LPS content of the applied CSF-1
was low (<0.3 ng/3000 U CSF-1, by Limulus amoebo- 30
cyte lysate (LAL) assay); activity was removed by
application to an anti-CSF-1 column; polymyxin B was
used to neutralize LPS; the macrophages from
C3H/HeJ mice respond to CSF-1 but not to LPS.

Effect of Other Myeloid CSFS 35

CSF-GM was prepared from 6 mouse lungs obtained
5 hours after intravenous (i.v.) administration of 5 pug
LPS. The lungs were chopped and incubated for 3 days
in serum free medium, and the supernatant was depleted
of CSF-1 using a YYG106 immunoaffinity column as 40
described in WO 86/04587, supra, (CSF-1 content re-
duced from 270 U/ml to 78 U/ml). CSF-G was pre-
pared from similarly treated LD1 (melanoma cell line)
serum free medium. Both CSF-GM and CSF-G con-
tents were assayed at 2000 U/ml by colony stimulating 45
assay.

The peritoneal macrophages were incubated with
40% of either of the foregoing media or with L-cell
medium assayed at 2000 U/m! CSF-1 for 1 day, and
then incubated for 48 hours either with additional me- 50
dium or with LK, and assayed for TUS killing as de-
scribed above.

The results are shown in FIG. 1. While CSF-1
showed marked enhancement of toxicity to TUS, nei-
ther CSF-G nor CSF-GM had any effect. 55
In Vitro Test of CSF-1 as Stimulator of ADCC

CSF-1 purified from MIAPaCa cell line (approxi-
mately 40% purity, specific activity approximately
2% 107 U/mg), murine L-cell conditioned medium (spe-
cific activity approximately 2.3 105 U/mg), and re- 60
combinant human (th) from CV-1 (>>95% purity, spe-
cific activity approximately 4 X 107 were found to stimu-
late mouse macrophage ADCC to tumor targets in
combination with IL-2 or alpha-, beta- or gamma-IFN.

In the ADCC assay, female C3H/HeN or C3H/HeJ 65
mice were injected intraperitoneally (i.p.) with 1.5 mi
proteose peptone (Difco Laboratories, Detroit, Mich.).
After 3 days, the peritoneal exudate cells at 3 X 105 big
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cells/0.5 mi alpha-MEM medium plus 10% heat-inac-
tivated fetal calf serum were adhered in replicate 1 ml
wells in parallel sets. After 2 hours, the wells were
washed thoroughly 3 times with PBS, and CSF-1 or
lymphokine was added and incubated for 2 days at 37°
C. The cell population was >95% macrophage by
morphology and cell numbers recovered in parallel
wells at day 2 were similar for the different treatments.
On day 2, heat-inactivated antiserum (anti-Thy-1, rabbit
anti-mouse brain, Accurate Chemicals, Westbury, N.Y.)
was added to one of the parallel sets at various dilutions.
The target, RL1, a T-lymphoma cell line, was added to
macrophage wells and to parallel wells without macro-
phages==CSF-1, lymphokine, or antiserum.

Since high concentrations (1 pg/ml) of bacterial LPS
stimulate macrophage ADCC, the murine and human
CSF-1 preparations were tested using the LAL assay
and had less than 0.2 ng/ml LPS.

The macrophages were then tested at 3:1 effector:tar-
get ratio for ADCC by introducing 105 R1.1 targets plus
or minus antiserum and counting live target cells at 9,
24, 48 and 96 hr. Growth of Rl.1 with control macro-
phages plus antibody was the same as that with control
or cytokine-treated macrophages in the absence of anti-
body or that of Rl alonez=antibody=+cytokines. The
results are shown in Table 3.

TABLE 3
Percent ADCC* Kill with Time

Macrophage Treatment 9 hours 24 hours 48 hours
Medium 0 0 0
M-CSF 0 0 0
IFN-gamma 4 +5 633 72+£3
M-CSF

(1000 U) + IFN-gamma 88 +1 >96 98 +1
M-CSF

(100 U) + IFN-gamma 836 93 =3 N2 *5

*9% ADCCKkill = 100 (y — x)/y where y = target cell number minus antiserum and
x = target cell number plus 1:20,000 dilution antiserum. IFN-gamma was used at 5
U/ml.

IFN-aipha and IFN-beta at 50 U/ml had about the
same ADCC-stimulation effect as 5 U/ml IFN-gamma.
IFN-alpha and IFN-beta at 5 U/ml had essentially no
effect on ADCC, but in the presence of CSF-1 stimu-
lated tumor killing to levels seen using 50 U/ml of either
IFN alone. Similar effects were seen with rhIL-2: treat-
ment of macrophages for two days with 5 U/ml IL-2
alone significantly boosted macrophage ADCC. CSF-1
moderately enhanced this strong IL-2 induced activity.
However, when IL-2 was used at lower, ineffective
concentrations of 1 U/ml or 0.2 U/ml, the addition of
CSF-1 showed a strong enhancing effect on tumoricidal
activity.

Other lymphokines were tested as primary stimula-
tors of ADCC. Incubation of macrophages for two days
with thTNF at 1, 10 or 100 U/ml alone or with 1000
U/ml CSF-1 did not significantly induce ADCC activ-
ity. rhIL-1 alpha or beta at 0.2 to 50 U/ml and murine
rIL-4 at 1 to 100 U/ml also did not stimulate ADCC
alone or with CSF-1. Attempts were made to find other
cofactors which could substitute for CSF-1. Murine
rGM-CSF and rIL -3 tested at 10, 100 or 1000 U/ml did
not boost ADCC alone or with IFN-gamma in the stan-
dard two-day pretreatment of macrophages, in contrast
to CSF-1. These cytokines, after incubation 2 days in
medium, had no effect on growth of Rl targets in the
absence of macrophages.

In Vitro Targeted ADCC Assays
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The effects of CSF-1 on cultured human peripheral
blood monocytes were studied to determine whether
pretreatment with CSF-1 could enhance targeted
ADCC.

Human effector cells were isolated from donor buffy
coats obtained from Stanford University Blood Bank
(Palo Alto, Calif.). Mononuclear cells were separated
by Ficoll-Hypaque differential centrifugation. To iso-
late adherent mononuclear cells (AMC), total
mononuclear cells were plated into 24-well tissue cul-
ture plates and allowed to adhere for 30 minutes at 37°
C., 5% COa3. Nonadherent cells were washed off with
warm Hank’s balanced salt solution with 50 pg/ml
gentamicin. The viabilities of all effector cell prepara-
tions were >95% by trypan blue dye exclusion. Adher-
ent mononuclear cells were stained with FITC-anti
LeuM3 (Becton Dickinson, Mountain View, Calif.) and
analyzed on an EPICS V cell sorter to be >85%
LeuM3 positive.

The antibody heteroconjugate 113F1 F(ab');-3G8
F(ab"), a chemically linked antibody recognizing both
a breast cancer associated antigen and the human
FcRIII (CD16), and the hybrid hybridoma derived
bispecific antibody 2B1, which has anti-CD16 and anti-
erbB-2 activities, were used in the following experi-
ments. Both of these antibodies mediate good specific
lysis of SK-Br-3 tumor target cells using human total
mononuclear cells as effectors.

One day before an ADCC assay, target cells in T75
flasks (50% confluent) were labeled with 62.5 pCi of 3H
thymidine (New England Nuclear, 6.7 pCi/mmole) in
25 ml medium. After 30 hours, the cells were trypsi-
nized off the flasks and washed 3 times. Forty thousand
labeled target cells were used per well in the assays.

Medium used throughout the assays for diluting ef-
fector cells, antibodies and CSF-1 was AIM.V serum
free medium (Gibco) with 8 mM glutamine. Final total
volume was 1 ml/well. For CSF-1 treatment, medium
with or without CSF-1 was added to effector cells and
incubated for 2-3 days. Antibodies and labeled target
cells were then added. Tritium release in the superna-
tant was measured after 3 days with Cytoscint (ICN) as
the scintillation fluid.

Each sample was tested in 4 replicates in each experi-
ment. The well to well variation of the replicates was
usually less than +20% of the mean value. The mean
tritium release of the replicates was used to calculate the
percent specific lysis, using the formula: (mean sample
release —spontaneous release) (maximum release—-
spontaneous release). To measure spontaneous release,
labeled target cells were incubated in medium alone,
and the supernatant was counted after 3 days. Spontane-
ous release of tritium from the target cells (in the ab-
sence of effector cells) averaged less than 10% in all
experiments. Neither antibodies nor CSF-1 increased
spontaneous lysis when incubated with the target cells
alone. To measure maximum release, labeled target cells
were lysed in a final concentration of 0.5% SDS.

The ability of the heteroconjugate 113F1 F(ab),-3G8
F(ab")2 at 1 pg/ml to mediate lysis with AMC from two
donors is shown in FIG. 2. When AMC plus the hetero-
conjugate were tested against SK-Br-3 at an E:T ratio
of 20:1, the average antibody dependent lysis observed
was 28%. As shown in FIG. 2, when the effector cells
were preincubated with 14 ng/ml of CSF-1, heterocon-
jugate mediated lysis was enhanced by approximately
110%.
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Adherent cells from a total of 11 donors were tested
with the F(ab"); fragment of bispecific antibody 2B1. To
avoid the possible involvements of FcRI and FcRII on
human AMC, 2B1 F(ab’), was used in the study instead
of whole 2B1. (An experiment was also conducted to
show that the F(ab"); fragments of the 2 parental anti-
bodies of 2B1; 520C9 and 3GS8, did not mediate any
specific lysis whereas 2B1 F(ab"), caused almost com-
plete lysis of the target cells.) The effects of CSF-1 at
10-100 ng/ml were studied to observe whether CSF-1
was effective in augmenting lysis mediated by 2BI
F(ab");. AMC preincubated with 14 to 100 ng/ml of
CSF-1 gave higher specific lysis than AMC preincuba-
tion without CSF-1 (FIG. 3). The total amount of target
cell lysis obtained varied from donor to donor, although
increases in specific lyric activity with CSF-1 treatment
were reproducible observed in all monocyte prepara-
tions. As higher levels of CSF-1 may be necessary to
stimulate the AMC of minimally responsive or unre-
sponsive donors, CSF-1 dose response studies were
conducted using 100 ng/ml of 2B1 F(ab'); and the re-
sults are shown in FIG. 4. Preincubating AMC with
increasing concentrations of CSF-1, prior to introduc-
tion of 2B1 F(ab"),, gave higher specific lysis starting at
10 ng/ml and did not yet platean at 100 ng/ml in all
donors.
In Vivo Test of CSF-1 for Anti-Tumor Efficacy

A. Meth A Sarcoma Model

Recombinantly produced CSF-1 (CV158) from CV-1
cell line (LAL assay:2 ng LPS/ml, 8 ng LPS/mg CSF,
2% 107 U/mg) was injected i.p. at 50 pg/dose twice a
day for five days into a 20 g mouse (3 mice per group)
implanted subcutaneously with a Meth A sarcoma
tumor 7 days earlier. For 6 days after the beginning of
the CSF-1 treatment, the 3 untreated and 3 treated mice
were evaluated for body weights and tumor volumes.
There was no evidence of toxicity as measured by
change in body weight. On day 7, one mouse from each
group was sacrificed for comparative histopathological
analysis (no gross signs). The four remaining mice were
evaluated for the usual 14-day period in the Meth A
model. The results are provided in Table 4 below:

TABLE 4
Treatment Percent

CSF-1 Buffered Saline ATV Treated

Day Mean Change in Tumor Volume (ATV) ATV COntrol
3 20 22 91
6 2.6 6.8 38
7 4.1 8.0 51
8 5.7 11.0 52
14 13.9 294 47

A TV = Ratio of the mean tumor volume at the day indicated to the mean tumor
volume at day O within a single group of mice.

The results show that there was evidence for CSF-1-
mediated efficacy, particularly at the day 6 tumor vol-
ume measurements. The differences between the CSF-1
and control groups were greatest during a period start-
ing several days after the commencement of treatment
and several days thereafter, after which the tumor re-
turned to its usual rate of growth. These data suggest
that muitiple daily dosing (continuous infusions to im-
prove efficacy at this dose level, for longer periods of
time) or a higher dose level and altered schedule to
include drug holiday may enhance efficacy.

Similar results were seen using LCSF CV190, and
LCSF/CV221 from E. coli. The protocol was per-
formed using a group of 5 mice; 50 pg/dose of each
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product were used and the administration (twice daily
for 5 days) was similar except for the E. coli CV150 and
CV190 material wherein the schedule was increased to
10 days and administration was 7-8 hours apart. Table 5
provides results as a percentage of ATV Treated di-
vided by ATV Control for each CSF-1- denved mate-
rial.

TABLE 5

Cv-1 N 3
Day (C 158 C 150 C 150 C 221 C 221
3 21 0 0 36 14
4 23 0 0 38 46
5 46 5 — 44 48
6 59 7 57 50 40
7 61 15 70 61 40
8 64 7 81 40 39
13/14 56 30 28 20 26

B. B16 Metastases Model

CSF-1 was tested in the B16 experimental metastasis
model to assess its effect on the prevention of pulmo-
nary metastases.

1x 105 tumor cells, suspended in 0.2 ml of Ca+-2 and
Mg +2-free HBSS, were inoculated into unanesthetized
mice in the lateral tail vein. Twenty-one days after
tumor cell inoculation, the mice were sacrificed and
necropsied. During necropsy, the lungs and brain were
removed, rinsed in water, and weighed. The lungs were
then fixed in Bouin’s solution, and the number of surface
tumor nodules per pair of lungs was determined with
the aid of a dissecting scope.

Recombinant human CSF-1 (NV3CV221), was used
for all experiments. CSF-1 was freshly obtained prior to
each experiment from frozen stocks and diluted imme-
diately prior to injection in USP 0.9% saline. CSF-1
was delivered intravenously on a once a day (QD)Xx 10
day schedule. The dosing levels used are given in the
following table. As a negative control consisting of a
non-specific and non-therapeutic protein, either USP
human serum albumin (HSA) or boiled CSF-1 was used.
CSF-1 was boiled for 30 minutes to inactivate the
CSF-1 activity.

The efficacy dam shown in Table 6 demonstrates that
CSF-1 given QDX 10, intravenously, starting 3 days
before intravenous inoculation of 1X 105 tumor cells
produces a significant reduction in the median number
of pulmonary metastases. In contrast, if the CSF-1 ther-
apy was initiated one day post tumor cell inoculation,
no significant decrease in the median number of pulmo-
nary metastases was observed. No overt toxicity, as
measured by lethality, was observed at this dose level

(2.5-5.0 mg/kg).

TABLE 6
Day of Median Number
Initiation of Pulmonary
Group Dose of Therapy Metastases (Range)
1. Saline — +1 55 (5, 29, 48, 52, 52
58, 58, 74, 80, 91)
2. M-CSF 2.5 mg/kg +1 38 (11, 11, 13, 28,
32, 44, 50, 64, 67,
90)
3. M-CSF 5 mg/kg +1 50 (22, 32, 48, 48,
48, 52, 57, 62, 65,
76)
4. M-CSF 2.5 mgrkg -3 7%(0,0,2,5,6,
8,9,11, 12, 19)

“Difference is significant between this group and control at p = 0.002 (Mann-Whit-

ney).
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In a second experiment, CSF-1 was administered i.v.
QD x 5. B16-W10 tumor cells were harvested by a brief
one min trypsinization, centrifuged, and then prepared
as a single cell suspension in Ca- and Mg-free HBSS. On
day O, 8x 104 cells were injected per mouse, in a total’
volume of 0.2 ml in the lateral tail vein. CSF-1 (E. coli
NV3CV221) therapy (0.25 to 5.0 mg/kg/day) was ad-
ministered QD X5, i.v., beginning on day —3. On day 14
the mice were sacrificed, the lungs removed, rinsed in
water, and then fixed on Bouins fixative. Surface tumor
nodules were counted with the aid of a dissecting scope.
As shown below in Table 7, CSF-1 was able to signifi-
cantly decrease the median number of pulmonary me-
tastases when administered i.v. at either 1.0, 2.5 or 5.0

mg/kg/day, QD XS5.

TABLE 7
Dose
(mg/kg/ Number of Lung Metastases
Group day) Median (individual values) p-VALUE
HSA 5.0 199.5 (94, 142, 176, 181, 187, —
212, 221, 223, 236, 250)
CSF-1 5.0 270 (2,4, 11, 18, 25, 29, 31 0.000
33, 39, 98)
CSF-1 2.5 132.0 (12, 33, 43, 67, 105, 159, 0.034
161, 178, 206, 239)
CSF-1 1.0 855 (19, 61, 62, 64, 64, 107, 0.013
114, 160, 201, 234)
CSF-1 0.5 173.5 (23, 114, 127, 159, 171, 0.173

176, 191, 194, 200, 236)

80,000 tumor cells i.v. on day 0
Treatment: HSA or M-CSF QD X 5 i.v. beginning day 3
10 BDF-1 mice/group, sacrificed on day 14

The following experiment shows that CSF-1 may be
administered by the subcutaneous (s.c.) or intraperito-
neal (i.p.) route which are equally effective as CSF-1
when administered i.v.

Tumor cells were prepared as taught above. On day
0, 7.5X 104 cells were injected per mouse (5-10 female
BDF-1 mice/group), in a total volume of 0.2 ml in the
lateral vein. CSF-1 at 5 mg/kg/day, QD X5 beginning
on day—3 was administered by the three different
routes. On day 18 the mice were sacrificed and the
lungs were prepared as taught above. The results are
shown below in Table 8.

TABLE 8
Number of Lung Metastases

Group? Route Median  Individual values

1. HSA iv. 26.5 0, 1, 19, 20, 26, 27, 35,
43,59, 76

2. M-CSF iv. 1.0 0,0, 1,10, 30

3. HSA ip. 22.0 16, 17, 22, 33, 34

4. M-CSF ip. 1.0 0,1,1,3,4

5. M-CSF s.c. 20 01,229

6. HSA iv. 85.5 2, 8, 23, 30, 50, 61, 64,
68, 73, 84, 87,91, 91,
93, 98, 112, 147, 150,
150, 150

7. M-CSF iv. 6.0 0, 1} 2,55171,13,15,
18

8. M-CSF iv. 2.0 0,0,0,1,1,3,44,6,3

9. M-CSF s.C. 2.5 0,0,0,2,23,3,4,4, 72

"Groups 6-9 were run in a separate experiment from Groups 1-5
bp-value is less than 0.05 compared to the proper HSA control

The following experiment compares the efficacy of
CSF-1 administered by continuous infusion performed
subcutaneously using Alzet osmotic pumps and subcu-
taneous bolus dosing. CSF-1 was administered either as
as.c. bolus or as a s.c. continuous infusion in 0.9% NaCl
. Continuous infusions were performed using s.c. im-
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planted Alzet pumps, models 1003D and 2001, which
delivered CSF-1 for either 3 days or 14 days, respec-
tively. The 1003D model pump has a mean pumping
rate of 1 ul/hour and a mean fill volume of 87 ul. The

22
vigorous washing, leaving approximately 1x 10° cells
per well.
Purified monocytes were cultured for 3 days in 0.1%
FCS containing either CSF-1 (E. coli NV3CV221),

2001 model pump has a mean pumping rate of 0.417 5 IL-1, IL-3, IL-4, GM-CSF (all from Genzyme Corp.),
pul/hour and a mean fill volume of 207 ul. For pump IL-2 (Cetus Corp.), or medium alone (1° induction).
implantation, BDF-1 female (18-20 g) were anesthe- After 3 days, monocytes were washed and then incu-
tized with Metofane and a small dorsal incision was  bated for an additional 2 days with 2° inducers. 1° in-
made in the skin. Pumps were implanted under the skin duction with or without CSF-1 was also carried out in
with the flow moderator pointing away from the inci- 10 flasks in several experiments. Monocytes were adhered
sion. The incision was closed with a wound clip. All directly in tissue culture flasks, non-adherent cells were
therapy was initiated on day—3. removed, and 1° inducers were added. After 1° induc-
On day 0, to 7.5 104 B16-W10 tumor cells (prepared tion, monocytes were harvested by trypsinization and
as previously described) were injected per mouse, in a  gentle scraping; viable cell counts were done by trypan
total volume of 0.2 ml in the lateral tail vein using a 15 blue exclusion, and 1:X 105 cells per well were plated in
27-gauge needle. On day 18, the mice were sacrificed, 96 well plates for the remaining 2 days of the protocol.
the lungs removed, rinsed in water, and then fixed in The WEHI 164 tumoricidal assay (Colotta et al., J.
Bouins fixative. Immunol. (1984) 132: 936) was used to test the cytotox-
As shown in Table 9, CSF-1 administered by s.c. icity of the cytokines. Briefly, WEHI 164 target cells in
continuous infusion at doses as low as 0.25 mg/kg/day 20 active log phase were either pre-treated for 3 hours
was highly effective at decreasing the median number with actinomycin D (act D) at 1 pg/ml, washed, and
of pulmonary metastases. labeled for 1 hour with 200 pCi of 31Cr, or treated
These studies suggest that CSF-1 when administered simultaneously with act D and 5!Cr for 1 hour at 37° C.
by s.c. continuous infusion is at least 10-fold more po- in 5% CO,. After removing 100 ul of culture superna-
tent than the same dose given over the same period of 25 tant from the monocytes, labeled target cells were
time by once a day s.c. boluses. added in a 100 pl volume to the effector cells to achieve
TABLE 9
Daily
Dose Lung Metastases p-Value
Group mg/kg Route* Schedule Median Individual value vs HSA.  vs s.c. bolus
1. HSA 1.0 sc. QD X 14d-3 585 21,27, 54, 58, 59, 66, 71, — —
> 100, 100
2. HSA 1.0 14d pump d-3 560 2,40, 40, 42, 44, 68, 69, — 0.820
87, > 100, 100
3. CSF-1 10 sc QD X 14d-3 370 4,25, 26,28, 33, 41, 42, 0.305 —
75, > 100, 100
4.CSF-l 1.0 14d pump d3 95 2,56,7910,21,21,24,36  0.002 0.005
5. CSF-1 05 sc. QD x 14d-3 665 28, 32, 36, 45, 65, 68, 81, 0.849 —
> 100, 100, 100
6.CSF-1 05 14d pump d3 190 2,11, 15, 16, 19, 20, 25, 0.002 0.000
34, 35
7.CSF-1 025 14d pump d-3 140 0,58, 10, 11, 17,20, 25, 0.005 _
28,29
8. CSF-1 50 iw. QD x 5d-3 120 0,0,2 10,11, 13, 14,15 0.015 —

52,91

*Mice were implanted with Alzet osmotic pumps subcutaneously.

In Vitro Test of CSF-1 Alone and with IFN-y for Anti-
Tumor Efficacy

The protocol set forth below is substituted for the
example in U.S. Ser. No. 099,872, filed Sep. 22, 1987,
documenting the in vitro cytotoxic effect of CSF-1
alone and with IFN-gamma on A375 malignant human
melanoma cell line target cells. The present example
tested a number of cytokines, besides CSF-1 and IFN-y,
for enhancement of rumor cell cytotoxicity.

Mononuclear cells (MNC) were separated from ei-
ther heparinized venous blood or buffy coats of normal
healthy volunteers by density gradient centrifugation
on lymphocyte separation medium (LSM-Organon
Teknika Corp., Durham, N.C.). MNC were then
washed twice with PBS and layered on 49.2% isotonic
Percoll (Pharmacia) and centrifuged for 25 minutes at
1500 X g. The monocyte band at the interface (Z80%
pure monocytes by morphological analysis of cyto-cen-
trifuge preparations) was harvested and further purified
by plastic adherence at 37° C. Adherence was done in
96 well plates at a density of 1.2X 105 cells per well.
After one hour, non-adherent cells were removed by
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an effector to target ratio of 10:1, unless otherwise
noted. The cells, in a volume of 200 ul, were allowed to
incubate for 6 hours at 37° C. in 5% COs. The plates
were then centrifuged for 5 minutes at 1200 rpm in a
table-top swinging bucket centrifuge. 100 pl of superna-
tant was removed from each well and counted in a
gamma counter.

P815 target cells were treated similarly, except the
actinomycin D pre-treatment was omitted, and the tar-
get cells and effector cells were co-incubated for 18
hours. Percent induced cytotoxicity was calculated
using the formula:

experimental cpm — spontaneous cpm % 100

maximum cpm — spontaneous cpm
where:
effector cells + target cells + inducers

effector cells + target cells + media
target cells alone lysed with 1% SDS

experimental

spontaneous cpm

maximum cpm

The results are shown in Tables 10 and 11:
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TABLE 10

Percent Cytotoxicity Induced by CSF-1
Induction Protocol

1° Media CSF-1 CSF-1 5
2° CSF-1 CSF-1 Media
Experiment 1 19% 34% 35%
Experiment 2 12% 49% 37%
Experiment 3 4% 8% 5%
Experiment 4 7% 19% 9%
10

Although the level of activation induced by CSF-1
was variable, 16 out of 40 such donors showed between
10% and 49% enhanced tumoricidal activity upon stim-
ulation by CSF-1 alone.
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In a second experiment, 20 g Balb/C mice (5 per
group) were infected with a sublethal dose of mCMV
(23X 10* pfu/mouse, i.p.) 4 hours after the last CSF-1
dosing. CSF-1 was administered, i.p., once a day for 4
days at 4 dose levels (3.6, 0.9, 0.23 and 0.06 mg/kg/day).
In this subacute infection model, mice were assessed for
severity of infection by assaying viral titers (plague
forming units on mouse embryo cells) in blood and
organs (spleen, liver and kidney) at 7 days after infec-
tion. CSF-1-pretreated mice showed 75-97% reduction
in viral titers in spleens, kidneys and livers as compared
to saline treated control (P <0.01). The CSF-1 effect is
dose dependent; mean spleen Viral titer reduction of
97.8, 95.3, 80.9 and 63.1% at CSF-1 dose levels of 3.6,

Table 11, CSF-1 was used as a 1° inducer prior to 1309, O('123 alllld 0'0.6 ?g/blf g/lc;:.iy, respectively were ob-
addition of a variety of 2° inducers. served as snown mm 1able 1
TABLE 11 Dose R fc;f]z;E = CMV Organ Ti
Percent of Cytotoxicity 05¢ Resporse o - ‘ect on. = rgan Liter
o Qu . o o N 20 Mean Viral Titer (% Decrease)®
2° Stimulation 1° Stimulation M-CSF at 1000 U/ml CSE-1 Dose SPLEEN X LIVER X KIDNEY X
Medium Control 0 2 (mg/kg/day) 10* pfu/g 102 pfu/g 102 pfu/g
fl;(s:sli%w ml ‘11 ;é 3.6 160 = 2.1 175 + 2.5 25+25
IFN-y 1 U/ml 0 7 (97.8° (02.1) 95.7%
IFN-y 100 U/ml 2 13 55 09 329 % 2.4 350 % 20.0 175 = 2b.5
LPS 1 pg/ml + 1 2 (95.3) (84.3) (69.6)
IFN-y (1 U/ml) 0.23 1350 £250  97.5 % 125 15+ 15
LPS 1 pg/ml 4 7 4 (80.9)° (56.2° 87.0¢
TFN-y (100 U/mi) 0.06 2600 =250 900 =+ 2.0 25+0
LPS 1 pg/ml + 2 53 ) (63.1) (59.6) (56.5)
PMA 2 ng/ml ” HSA/saline 7050 = 417 2225+ 475 515 125
LPS 10 pg/ml + 24 45 %= Data represent mean organ titer from five animals assayed individually. Value in
PMA. 2 ng/ml parenthesis refers to percent decrease in organ titer as compared to HSA saline
IL-2 50 U/ml 2 5 grt;d(- 001
IL-2 500 U/ml 2 7 RS0
Other factors tested as 2° inducers and found to have 3>  Separately, CSF-1 produced in E. coli (NV3CV221)
no effect with or without CSF-1 included IL-1, IL-3, has been tested in a lethal mCMYV infection model (this
IL-4 and GM-CSF at up to 500 U/ml. is in contrast to the above experiment using sublethal
In Vitro Stimulation of Murine Antiviral Activity doses of CMV, in which organ titers were monitored).
Adherent murine thioglycolate-elicited macrophages When 50 pg/0.05 ml CSF-1 was administered i.p. to
were incubated with CSF-1 for days and infected with 40 13.5-14.5 g Balb/C mice at day—1 or day—1, 0, 1, 2
VSV overnight (Lee, M. T., et al., J. Immunol. (1987) and 3 (single dose given per mouse) before viral chal-
138: 3019-3022). Table 12 shows crystal violet staining lenge (4 X 10° pfu/mouse, 0.2 ml i.p.), after 7 days there
as measured by absorbance at 550 nm of cells remaining was a significant increase in survival, shown in Table
adherent. 45 14, as compared to saline-treated control.
TABLE 12 TABLE 14
Absorbance Group Percent Survival
Treatment (Mean) (8.D.) Controls 3/10
Medium/No virus 0.346 + 0.02 CSF-1 8/10
Medium + virus 0.170 = 0.02 50 day-1
CSF-1, 1000 U/ml + virus 0.264 = 0.02 CSF-1 /10
CSF-1, 2000 U/ml + virus 0.356 = 0.04 days-1,0,1,2, 3
CSF-1 treated cells, therefore, showed protection of the For prophylactic effect in the acute infection model,
macrophage against VSV. 55 13-14 g Balb/C mice were infected with a lethal dose of
In Vivo Treatment of CMV Infection with CSF-1 mCMV (5 104 to 2 X 105 pfu/mouse, i.p.) 4 hours after
Outbred CD-1 mice were treated with the CSF-1 the last CSF-1 dosing (using the dose levels between 0.9
(CV158) produced from the CV-1 cell line at doses of ~ mg/kg/day up to 7.2 mg/kg/day) and survival moni-
400 pg/kg, i.p., once a day for 5 days, starting 2 days tored for 14 days. In this acute infection model, CSF-1
before infection with 2 sub-lethal dose of cytomegalovi- 60 significantly enhanced survival in mice challenged with
rus (CMV). Mice were sacrificed on the third day after mCMV at 50,000 pfu/mouse as shown in FIG. §, al-
infection and the extent of viral replication in target though lower doses of CSF-1 (0.9 mg/kg and 3.6
organs such as the spleen was evaluated by plaque as- mg/kg) appeared to be less effective in mice challenged
say. The results showed that mice treated with CSF-1 with mCMYV at 100,000 pfu/mouse.
have significantly lowered (57.8% reduction in) spleen 65  These data demonstrate that CSF-1 can be used as an

viral titer compared to the saline-treated control mice,
indicating that CMV infection is less severe in CSF-1-
treated mice.

immunoprophylaxis for viral infection in clinical medi-
cine. CSF-1 may be used alone or in combination with
another lymphokine or antiviral agent in the treatment
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of viral infections in general, and in particular, may be
beneficial in immunosuppressive viral infections such as
acquired immune deficiency syndrome (AIDS).

The preferred dosage range administered i.p. is about
0.05-8.0 mg/kg CSF-1 per mouse per day. 5
In Vivo Prophylactic Treatment of Bacterial Infection
with CSF-1

Qutbred CD-1 mice were individually administered
CSF-1, produced from the CV-1 cell line (short clone
CV158), one dose (10 ug/dose), administered i.p. 1 day
before challenge with a lethal dose (LD100=6X 107 cfu)
of a clinical isolate of E. coli (SM18), a bacterium re-
sponsible for causing Gram-negative sepsis upon intro-
duction into a host. The mice were then monitored for
survival for 7 days post-infection. The data show that
pretreatment with CSF-1 enhanced the survival of mice
challenged with lethal doses of E. coli.

This experiment was also conducted using the LCSF
NV3CV221 bacterially produced CSF-1. Each lot of
CSF-1 was tested in 4-fold dilutions for a total dose
range of 1X107to 1.7 X 108 units/kg body weight. Mini-
mum protective dose was defined as single daily dose
(administered once a day for 5 days, i.p.) before ip.
infection with E. coli (6107 cfu/mouse) which pro-
duced statistically significant (p value less than 0.05
Fisher’s Exact test) enhancement of the survival of
treated mice as compared to saline or boiled CSF-1
control mice. The results are shown in Table 15.

TABLE 15
Dose Percent Survival®

— 0
2.97 mg/kg 100
0.74 mg/kg 90
0.18 mg/kg 10
2.97 mg/kg 0
Boiled CSF-1 0.74 mg/kg 20
Boiled CSF-1 0.18 mg/kg 0

“Data represent percent of animals surviving at day 7 after infection.
eat inactivated controls.

20

25

30

Group
Saline
CSF-1
CSF-1
CSF-1
Boiled® CSF-1
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40

Experiments were conducted to study the effect of
dose scheduling on the induction of CSF-1 effects on
host resistance. Groups of mice (10) were administered
CSF-1 at 0.9 mg/kg/dose per day for either 1, 2, 3,4 or
5 days. Mice were then challenged with E. coli (6 X 107
cfu/mouse) i.p. 4 hrs after the last CSF-1 injection.

To induce a protective effect the data shown in Table
16 indicate that multiple doses of CSF-1 starting be-
tween 52 and 100 hours before bacterial infection are
effective.

45

50

TABLE 16

CSF-14 Time Before?
Dose Schedule Infection

QD x 1 4
QD x 2 28
QD X% 3 52
QD x 4 76 90
QD x 5 100 100
Saline 76 0

%= Groups of 10 mice were treated with CSF-1, i.p. (at 0.9 mg/kg/dose/day, for g0
one, two, three, four or five days (i.e. QD X 1to QD X 5) before E. coli infection

at four hours after the last CSF-1 dose.

5= Duration in hours between the first dose of CSF-1 and the time of infection with

E. coli.

¢== Data represent percent of animal surviving at 7 days after infection.

4= By Fisher's Exact test, as compared with the saline control group.

Percent Survival® p
Day 7 Value

10
10
60

55

<0.05
<0.01
<0.01

65
Single bolus injection (0.2 to 9.0 mg/kg) at either 4,
18, 28, 52 or 76 hrs before infection was not effective at
inducing enhanced host resistance.
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The data show that pretreatment with CSF-1 signifi-
cantly enhances survival of mice challenged with lethal
doses of E. coli. The effect is dependent, however, on.
the dose of CSF-1, the timing, and the schedule of ad-
ministration. At the higher doses of approximately 0.7
to 3.0 mg/kg/day, nearly complete protection was seen.
At the lower dose of 0.2 mg/kg, there was also protec-
tion but the effect was smaller.

Leukopenic Infection Model

CSF-1 induced protection in E. coli infection in mice
pretreated with 50 mg/kg cyclophosphamide (CY).
The LDsg of CY for mice is at about 400 mg/kg, the
lower CY dose used represents 1/8 of the LDso. This
dose, when injected i.p. 3 days earlier, induced a de-
crease in total white blood cells and neutrophils, and
rendered mice more susceptible to E. coli infection (e.g.,
infection with 3107 cfu/mouse killed 100% of CY
treated mice but only 20% of mice not given this dose of
CY). When CSF-1 was given to CY treated mice
(CSF-1 at 0.89 mg/kg, once/day for 4 days, i.p.), there
was 100% survival as compared to 30% in mice given
saline instead.

In Vivo Effect of CSF-1 on Candida albicans

CSF-1 was administered to outbred CD1 mice (27-28
g, females) as daily i.p. doses for 3 to 4 days before
challenge with a lethal dose of C. albicans (1.5X 108
yeast cells/mouse, 1.p.). This challenge dose resulted in
a median survival time (MST) of 3.0 days in non-treated
and saline treated mice. CSF-1 treated mice showed
MST of 15 and 13 days at doses of 1.9 and 0.1 mg/kg,
respectively. This 4-fold enhancement in survival time
is significant at p==0.01 (Log Range Tests). To mini-
mize any possible interference from endotoxin, highly
purified CSF-1 was used which was virtually free of
endotoxin (<0.05 ng/mg protein). It was also shown
that the prophylactic effect was abrogated by heat-inac-
tivation of CSF-1 test material. This protection was
associated with increased numbers of peripheral blood
circulating monocytes and neutrophils and a 2- to 3-fold
increase in peritoneal macrophages. Therefore, CSF-1
enhanced host resistance against C. albicans infection
and that this effect is probably mediated by activation of
macrophages and neutrophils.

CSF-1 was also tested in an additional model in
which C. albicans was delivered systemically (@i.v.).
CSF-1 at a dose of 1.9 mg/kg/day QD X4 was adminis-
tered either i.p. or i.v. 2X 105 cfu/mouse were injected
i.v. 4 hours after the last dose of CSF-1. Either of these
administrations resulted in a significant enhancement of
survival when compared to saline injected control mice.
Resolution of Fungal Infections Using CSF-1

Eighteen patients with invasive fungal infection
which was refractory to standard therapy were treated
with CSF-1. Those patients who were referred to a
bone marrow transplant (BMT) center were eligible for
study, but patients with a malignancy in relapse were
ineligible. No exclusions were made for diagnosis, age,
graft versus host disease (GVHD) status or patient’s
overall condition. The clinical characteristics of the 18
patients are shown in Table 17.

The diagnosis of invasive fungal infection required
demonstration of organisms in biopsy specimens, cul-
tures of closed body fluids (i.e., cerebral spinal fluid) or
radiologic evidence for invasive disease in the presence
of positive blood cultures. Demonstration of fungi
solely in bronchoscopic lavage fluid, in gastrointestinal
biopsy specimens, or in single blood cultures were con-
sidered insufficient proof of invasive disease. The infect-
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ing fungal organism, the organs involved, and diagnos-
tic modalities used to follow the infections are shown in
Table 17.

All patients were examined and had routine blood
cultures taken daily, as well as having blood chemistries
and complete blood cell counts performed dally. Gener-
ally, bone marrow aspirates and biopsies were per-
formed prior to therapy to rule out malignancy. The
fungal infections were re-evaluated using the initial

diagnostic procedures on a periodic basis and at au- 10

topsy.

The study was designed as a Phase I dose escalation
trial in which patients were enrolled consecutively. All
patients were maintained on the best available anti-fun-

gal therapy at the maximally tolerated dose. CSF-1 15

(specific activity approximately 3-10X 107 U/mg) was
given at a dose between 0.05 to 2.0 mg/M2. CSF-1 was
administered in 100 ml of normal saline with 0.25%
albumin by central venous catheter as a single two-hour

intravenous infusion daily for seven days. If after seven 20

days there was no evidence for a clinical response, the
dose was doubled and administered for an additional
seven days. Three dose escalations were allowed in a
single patient. If anti-fungal efficacy was noted, CSF-1

was continued until resolution of the fungal infection 25

could be documented: Patients treated with 2 mg/M?
were maintained at that dose.

CSF-1 was well tolerated at all dose levels. There
were 1o specific symptoms or changes in blood chemis-

tries that could be ascribed to it. There were no signifi- 30

cant adverse effects on the severity of preexisting
GVHD during the CSF-1 infusion course.

Eleven patients had invasive candidiasis, four had
aspergillosis, two were diagnosed with yeast sp., and

one was diagnosed with Rhodatorula (Table 17). Three 35

patients received CSF-1 prior to BMT for progressive
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fungal disease that had not responded to amphotericin
B. One of these patients had under undergone two sinus
cavity resections for aspergillosis. However, CT scan
demonstrated a residual sinus mass, and aspiration cul-
tures continued to demonstrate aspergillus. When cavi-
tating multi-lobar pulmonary nodules developed and
the patient became progressively azotemic on 1 mg/kg
of amphotericin, CSF-1 was started and the amphoteri-
cin dose was reduced to 0.5 mg/kg. After thirty-five
days of therapy, the CT scan showed clearing of the
sinus cavities and cultures for aspergillus became nega-
tive. All but the two largest cavitary pulmonary nod-
ules resolved. Both pulmonary nodules were subse-
quently resetted and shown to be free of fungal ele-
ments. The patient remains off antifungal therapy await-
ing an unrelated donor BMT. The second patient
treated prior to BMT received two grams of amphoteri-
cin for Candida albicans (involving the liver and spleen)
without a clinical or radiologic response. After 35 doses
of CSF-1, marked radiologic evidence of improvement
was noted, and the liver was rebiopsied with no evi-
dence of residual fungal infection. The third patient had
progressive hepatic candidiasis. She had clinical and
radiologic resolution of the fungal infection after re-
ceiving 28 doses of CSF-1.

Thirteen of the eighteen patients showed resolution
or clinical improvement in their fungal infections Table
17). Several patients had complete resolution of their
fungal infections and were discharged from the hospi-
tal. Two patients were well enough to receive a bone
marrow transplant after their infections cleared. Of the
remaining five patients, one patient was not evaluable,
another patient may not have had an invasive fungal
infection and expired due to pancreatitis, and the re-
maining three patients showed no response, but re-
ceived CSF-1 treatment for 8 days or less.

TABLE 17
Patient Primary Transplant Days Dose Response/
Age, Sex Disease Type/Date GVHD Fungus Site M-CSF pg/M? Basis Qutcome
#1 ALL Allogeneic +/4+ Candida sp Liver 11 100 +(autopsy) Death: ARDS
7, ¢
#2 Hodgkins  Autologous " Candida sp Lung 7 100 +(CT and Survival
47, ¢ Blood 28 200 clinical)
#3 Aplastic Allogeneic — Candida sp Lung 3 100 ” Death;
24, ¢ Anemia Candida sepsis
#4 ALL Allogeneic + Candida sp Blood 9 100 +(autopsy) Death: renal
4, g Lung failure and
VOD
#5 ALL Not Aspergillus Lung 7 200 +(CT and Survival
23, ¢ Planned sp Sinus Cavity 7 500 clinical)
23 1000
#6 Lymphoma Allogeneic -+ + Candida sp Liver/Spleen 7 50 +(CT and Survival
40, g in relapse 7 200  clinical)
7 500
: 5 1000
#7 AML Allogeneic  ++/++++ Candida sp Lung 7 200  +(clinical) Death: acute
20, ¢ Blood 7 500 GVHD
7 1000
#8 AML Allogeneic " Candida Blood 10 500 <+ (autopsy) Death
22, ¢ parapsilosis Lung
#9 ALL Autologous N.A Candida CSF 7 500 " Death:
42, ¢ tropicalis 4 1000 cardiovascular
collapse
#10 AML Allogeneic + 4 Rhodatorula  blood 10 1000 " Death:
27, ¢ pancreatitis
secondary to
GVHD
#11 NHL Autologous N.A. Candida sp +-skin Bx 14 1000 +(CTD) Survival
39, ¢
#12 AML Pre- N.A. Candida sp liver 7 1000 +(CT/ Survival
21, ¢ transplant 1 2000  clinical)
#13 Aplastic Allogeneic + Candida sp liver/spleen/ 7 1500  +(clinical) Survival
12, ¢ anemia kidney 28 2000
#14 AML Autologous N.A. Yeast sp Blood 8 1500 " Death: renal
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TABLE 17-continued

Patient  Primary Transplant Days Dose  Response/

Age, Sex Disease Type/Date GVHD Fungus Site M-CSF  pg/M? Basis Outcome

43, ¢ Lung failure
secondary to
fungal sepsis

#15 AA Pre- N.A. Yeast sp liver 30 2000 +(CT/ Survival

25, ¢ transplant clinical)

#16 All Allogeneic ++4+4 " Aspergillus Sputum 28 2000 +(CT/ Survival

8 & sp tracheal/lung clinical)

#17 ANL MDS Allogeneic ++/4+-++  Aspergillus RUL-lung 14 2000 Not evaluable Death:

52, ¢ sp myocardial
infarction

#18 ANL Allogeneic +++ Aspergillus Skin 27 2000 +(CT/ Death: CMV

7, ¢ sp Disseminated clinical) pneumonia and
acute GVHD

In Vivo Stimulation of White Blood Cell Count

Outbred CD-1 mice were administered purified re-
combinant human CSF-1, at 2 mg/kg per dose, three
times a day for five consecutive days. Total white blood
cell count increased to 12,000-13,000/ul in CSF-1-
treated mice from 8,700/pl in saline-treated control
mice. In addition, neutrophil count increased to
6,821/ul in CSF-l-treated mice as compared to
1,078/ul in saline-treated control mice.

This effect is dependent on the dose of CSF-1 and the
schedule of administration. The increase in peripheral
blood neutrophils was detectable 2-4 hours after a sin-
gle dose of CSF-1 was administered i.p. These results
indicate that CSF-1 administration may be useful in
clinical or veterinary medicine as a stimulus of granulo-
cyte production and an enhancer of white blood count.
CSF-1 in Wound Healing

CSF-1 is assayed for wound healing using animal
models and protocols such as the Goretex miniature
wound healing model of Goodson and Hunt (J Surg.
Res., 1982, 33: 394) in which implanted Goretex tubes
fill up with invading macrophages, fibroblasts and other
connective tissue cells, and collagen and fibrin deposi-
tion. Healing is assessed by examining tube contents
microscopically. A second model is the excisional
wound healing model of Eisenger, et al., (1988, PNAS
(USA) 85: 1937) in which wounds are observed visually
and punch biopsies are taken to monitor healing, density
of cells, and number of epidermal cell layers arising
from hair follicles. A third model is a serosal model such
as the heat-injured testicular serosa of Fotev, et al,
(1987, J. Pathol, 151: 209), in which healing is assessed
in fixed sections by degree of mesothelial resurfacing of
the injured site. The teachings of each of these models
are incorporated herein by reference.

Generally, CSF-1 is applied to the site of the wound
by soaking a nonadhesive surgical dressing in 104to 108
U/ml of CSF-1 in saline as described in the excisional
wound healing model reference using epidermal cell
derived factor (EGF) for topical wounds. Alterna-
tively, similar amounts of CSF-1 are introduced into
Goretex tubes at the time of implantation as described in
Goodson and Hunt, supra, or CSF-1 may also be incor-
porated into a slow-release matrix and applied at the site
of the wound (in Goretex o tubes, in or under dressings,
in a slow release gelatin or collagen-based matrix or by
injection in the peritoneal cavity) by systemic treatment
1-3 times a day (i.v., i.p., or s.c.) at a dose of 10 to 10,000
ng/kg/day.

In a full thickness dermal excisional model, experi-
mental groups of five female BDF-1 mice, weighing 18
to 20 grams, were anesthetized by methoxyflurane inha-
lation (Metofane, Pitman-Moore, Inc., Washington
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Crossing, N.J.). Wounds were made using a clean surgi-
cal technique. Hair on the dorsum and sides was
clipped, and the skin swabbed with 70% ethano! and
dried. A strip of transparent tape was applied over the
back, approximately midway between the sacrum and
scapulae. The skin was elevated parallel to the length of
the mouse, and full thickness excisional wounds were
created using a 6 mm diameter punch. The tape was
removed, exposing an 8 to 10 mm wide strip of intact
skin between the left and right circular bilateral
wounds. Triple antibiotic ointment (polymyxin B-baci-
tracin-neomycin) was applied to the fresh wound using
a cotton tipped swab stick.

Wounds were measured with hand held calipers in
their anterior-posterior and transverse dimensions on
days 0, 1, 2, 3,4, 5, 7, 9 and 10 (with day O representing
the day of wounding). Although the wounds were cir-
cular initially, they tended to heal in a elliptical shape.
For this reason, approximate wound area was calcu-
lated using the formula for the area of an ellipse A=-
pi(B X C)/4, where A =area (mm?2), B=wound diame-
ter (mm) of the anterior-posterior axis, and C=wound
diameter (mm) of the transverse axis. Percent wound
closure was calculated for each wound by dividing the
area at any given time point by initial wound area on
day 0.

E. coli produced long clone CSF-1 NV3CV221 (spe-
cific activity >6.0x 107 units/mg) was diluted in 0.9%
sodium chloride, USP, and delivered intravenously via
the lateral tail vein in a final injection volume of 100 ul.
Doses of CSF-1 ranging from 0.5 mg/kg/day (10
pug/day) to 10.0 mg/kg/day (200 pg/day) were admin-
istered daily for a total of 7 days, with the first dose
occurring approximately 4 hours after wounding.
Human serum albumin (HSA) diluted in 0.9% NaCl
was chosen as a non-specific protein control, and was
administered to control -animals at a dose of 5.0
mg/kg/day.

Statistical analysis was done by individual Student t
test comparisons between treatment groups on each
day. For all comparisons, statistical significance was

60 noted when p<0.05.

65

Little or no hemorrhage occurred in fresh wounds. A
thin fibrinous coveting was evident over wounds within
12-24 hours, progressing to a scab within 1-2 days. The
scabs contracted as they dried, gradually becoming less
adherent to the underlying granulation tissue, but did
not distort the wound area measurements. Mean wound
area was calculated from measurements of the fight and
left wounds of 5 mice for each group and day. Initial
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wound area did not differ among any of the treatment
groups.

As shown in FIG. 6, wound closure was more rapid
in CSF-1 treated mice than in HSA treated controls,
where closure was defined as the percent reduction in
initial wound area on a given day. The values provided
in FIG. 6 represent the means of 5 mice at each time
point. CSF-1 treated group differed from the controls at
all time points (p<0.05). The “square” represents the
control; the “+” represents CSF-1 (10.0 mg/kg/day);
the “triangle” represents CSF-1 (5.0 mg/kg/day); and
the “X” represents CSF-1 (0.5 mg/kg/day). The great-
est enhancement in wound closure was observed in
mice receiving 10.0 mg/kg/day. Intermediate (5.0
mg/kg/day) and low (0.5 mg/kg/day) doses of CSF-1
also significantly increased rates of wound closure,
while at these two doses the response was nearly equiv-
alent.

" The enhanced rate of wound closure seen in CSF-1
treated wounds appeared to result from a more rapid
initial phase which occurred within the first few days.
During this period, closure was enhanced approxi-
mately 40% by CSF-1 as shown in Table 18. Thereafter,
the rate of closure in all groups was nearly identical and
began to decline steadily until the wounds were com-
pletely healed. Wounds of CSF-1 treated mice reached
50% closure 1 to 2 days sooner than HSA treated con-
trols (FIG. 6), yet the period of time required for
wounds to reach 100% closure was approximately 10
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factor (PDWHF) and other substances such as soma-
tomedin C and vitamin C.
Formulation and Dosage of CSF-1.

The recombinantly produced human CSF-1 may be
formulated for administration using standard pharma-
ceutical procedures. Depending on ultimate indication,
CSF-1 will be prepared in an injectable or a topical
form, and may be used either as the sole active ingredi-
ent, or in combination with other proteins or other
compounds having complementary or similar activity.
Such other compounds may include alternate antitu-
mor, e.g., chemotherapeutic agents such as adriamycin,
or lymphokines, such as IL-1, -2, -3, -4, and -6, alpha-,
beta-, and gamma-interferons, CSF-GM and CSF-G,
and tumor necrosis factor. The effect of the CSF-1
active ingredient may be augmented or improved by the
presence of such additional components. As described
above, the CSF-1 may interact in beneficial ways with
appropriate blood cells, and the compositions of the
invention therefore include incubation mixtures of such
cells with CSF-1, optionally in the presence of addi-
tional lymphokines or cytokines. Either the supernatant
fractions of such incubation mixtures, or the entire mix-
ture containing the cells as well, may be used. Staggered
timing may be preferred for some combinations, such as
CSF-1 followed one to two days later by gamma inter-
feron.

The CSF-1 described herein is generally administered
therapeutically in amounts of between 0.01-10 mg/kg

days for all groups. 30 per day, whether single bolus administration or frac-
TABLE 18
Control *CSF-1
Wound Standard Wound Wound Standard  Wound Enhanced? P value
Days Area  Deviation Closure Area  Deviation Closure Closure Relative to
Post-Wound (mm?)  (mm?) %) (mm?) (mm?) (%) (%) Control
0 35.2 15 0.0 344 8.1 0.0 — 0.828
1 252 6.9 284 18.4 3.6 46.6 64.0 0.017
2 19.4 4.8 4.7 11.6 23 66.1 479 0.000
3 174 5.2 50.5 9.0 2.4 739 46.4 0.000
4 112 3.7 68.1 7.8 2.6 772 134 0.037
5 9.9 3.1 71.8 5.1 19 85.2 18.7 0.001
7 5.0 3.1 85.7 2.6 1.0 92.4 7.9 0.045
10 0.0 0.0 100.0 0.0 0.0 100.0 0.0 -

*CSF-1 was administered to mice intravenously at a dose of 5.0 mg/kg/day for a total of 7 days, beginning 4 hours after wounding.

aEnt

d as: % closure (treated) — % closure (control)

d closure calcul % closure (control)

Gross observations made at time points from day 3 to
day 10 suggested that changes in the vascular content of
the skin surrounding the wound space occurred during
the course of healing in control and CSF-1 treated
wounds. As early as 3 days post-wounding, increased
vasculature (larger and more tortuous vessels) was evi-
dent by the naked eye in regions of skin surrounding the
wound sites in control mice. By day 7, the vascular
content of skin surrounding control wounds had de-
creased while the skin surrounding the wounds in
CSF-1 treated mice showed significantly greater vascu-
larization than did the control mice, both in areas
around the wound and in vessels not adjacent to the site
of wounding. This response appeared to include both a
greater number of vessels and more extensive branch-
ing.
CSF-1 may also be used in combination with other
growth factors to promote wound healing such as epi-
dermal growth factor (EGF), fibroblast growth factor
(basic and acidic FGF), platelet derived growth factor
(PDGF) or transforming growth factors (TGF alpha
and beta), IL-1, I1L-2, platelet derived wound healing
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tionated over 24 hr, for all indications, e.g., treatment of
infectious disease, wound healing, restoration of myelo-
poiesis and immunity, and cancer.

The scope of the invention is not to be construed as
limited by the illustrative embodiments set forth herein,
but is to be determined in accordance with the ap-
pended claims.

We claim:

1. A method for therapeutic treatment of fungal infec-
tion in humans which comprises administering to said
human an effective amount of colony stimulating fac-
tor-1 (CSF-1) to treat the fungal infection.

2. A method in accordance with claim 1, wherein the
infection is caused by at least one fungus selected from
the group consisting of Candida, Aspergillus, Crypto-
coccus, Histoplasma, Coccidioides, Paracoccidioides,
Mucor, Rhodotorula, Sporothfix, or Blastomyces.

3. The method of claim 2, wherein the fungus is Can-
dida species.

4. The method of claim 1, wherein the recombinant
CSF-1 is administered with one or more antifungal
agents.
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5. A method in accordance with claim 4, wherein the
one or more antifungal agents are selected from the
group consisting of Amphotericin B, Fluconazole, 5
fluro-cytosine, Ketoconazole, Miconazole, or In-
traconazole.

6. A method in accordance with claim 1, wherein the
CSF-1 is parenterally administered until the fungal in-
fection is cleared.

7. A method in accordance with claim 6, wherein the
CSF-1 is administered subcutaneously by bolus injec-
tion, by i.v. bolus, by constant infusion or by continuous
infusion.

8. A method in accordance with claim 7, wherein the
daily CSF-1 dose that is effective to treat fungal infec-
tions is between 0.01 to 50 mg/M2.

9. A method in accordance with claim 8, wherein the
daily CSF-1 dose that is effective to treat fungal infec-
tions is between 0.05 to 10 mg/Mz2.

10. A method in accordance with claim 9, wherein
the daily CSF-1 dose that is effective to treat fungal
infections is between 0.5 and 5 mg/M2.

11. A method in accordance with claim 6, wherein
the CSF-1 is administered for at least 14 days.

12. A method in accordance with claim 11, wherein
the CSF-1 is administered for at least 21 days.
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13. A method in accordance with claim 1, wherein
the CSF-1 is administered to immunosuppressed indi-
viduals.

14. A method in accordance with claim 13, consisting
essentially of administering CSF-1 to individuals who
are immunosuppressed due to AIDS or other infections,
due to the chemical agents that are given with a bone
marrow transplant, in cancer chemotherapy or due to
burns or other major trauma.

15. A method in accordance with claim 1, wherein
the CSF-1 is covalently conjugated to polyethylene
glycol. .

16. A method in accordance with claim 4, wherein
the CSF-1 is covalently conjugated to polyethylene
glycol.

17. A method in accordance with claim 1, wherein
the CSF-1 is selected from the group consisting of short
and long forms.

18. A method in accordance with claim 4, wherein
the CSF-1 is selected from the group consisting of short
and long forms.

19. A method in accordance with claim 6, wherein
the daily CSF-1 dose that is effective to treat fungal

infections is between 0.01 to 10 mg/kg.
* ¥ % L J



